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Abstract 
An evaluation of the dissolution of sacrificial zinc anodes in the Hamble and its 
implications for estuarine management 
Aldous B. Rees 
Anecdotal evidence from boat owners suggested anodes corroded quicker on the Hamble 
compared to other estuaries, with a number of theories proposed. Anode corrosion led to 
higher total, labile and free zinc concentrations to be present within the Hamble estuary.  
A survey to boat owners on the Hamble along with anode experiments confirmed anodes 
do not corrode quicker on the Hamble. It did, however, indicate there was a general lack of 
knowledge and awareness regarding anode use, which partially derives from conflicting 
advice available for boat owners. The anode experiments and survey suggested salinity and 
stray currents influence anode corrosion. Anode release rates calculated from the survey 
and anode experiments, predicted a zinc load of up to 6.95t/yr to the estuary from anodes. 
Anodes are by far the largest zinc source to the Hamble Estuary, the EQS (Environmental 
Quality Standard) subsequently was exceeded at times on the Hamble. Zinc samples were 
analysed using cathodic stripping voltammetry (CSV), higher concentrations were 
observed in areas of greater boat density, with total dissolved zinc levels reaching 20-
25µg/l. An estuary average concentration of 8.07µg/l was recorded across the sampling 
period, which exceeded the EQS of 7.9µg/l for zinc. Areas of lower boat densities or from 
outside the estuary achieved the EQS. Complexation with Dissolved Organic Carbon 
(DOC) meant labile zinc was generally a quarter to two thirds the total dissolved zinc 
concentration, with free zinc a quarter or below of the labile. The BLM model (Biotic 
Ligand Model) site specific EQS predictions for the Hamble freshwater sites were all 
higher than the observed zinc concentrations. Zinc concentrations within sediments on the 
Hamble were comparably low, the zinc levels within SPM (Suspended Particulate Matter) 
however tended to be high, suggesting SPM acts as a vector for zinc released from anodes. 
The GEMCO (Generic Estuary Model for Contaminates) and MAMPEC (Marine 
Antifoulant Model to Predict Environmental Concentrations) models confirmed anodes as 
a major zinc source to the Hamble estuary, predicted concentrations compared well with 
observed values. The MAMPEC model generally under predicted zinc in areas of high boat 
density. The GEMCO model predicted that 200-800 (out of 3000) vessels would need to 
use aluminium anodes for the EQS to be met, leading to environmental benefits for the 
Hamble estuarine environment. Vessels in brackish waters could benefit from using 
aluminium anodes.  
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Appendix 1 - Questionnaire: Use of anodes  
1. Location of boat mooring: 
- Name of Marina or mooring: 
 
- Pile, berth or marina number of boat mooring: 
 
- GPS location of boat if known:  
 
- How many months a year is your boat moored in this location: 
 
- Where is it moved to, if not always moored here:     
                                         
- How many days a year is your boat used:  
 
2. What type of boat is your boat e.g. motorboat or sailing boat?  
 
3. What is your boat made of e.g. wood or fibreglass?  
                                                                          
4. What is the waterline length of your boat?  
 
5. What type of keel does your boat have e.g. lead or concrete? 
 
6. How many propellers does your boat have?   
 
7. Is your boat plugged into the mains electricity? 
 
8. What type of piling is your boat moored to, wood or metal?  
 
9. What type (if any) of cathodic protection do you use on your boat? 
Please circle or tick:  Zinc     Aluminium       Magnesium         Other 
- Number of anodes present on your boat (see table):  
 
Where are 
anodes used on 
your boat  
Brand of anode 
e.g. MGDuff 
Anode 
catalogue 
number e.g. 
ZD72 
Type 
(shape) 
Size  Weight  
(new) 
Number of 
this type 
used 
% left 
when 
replaced  
        
        
        
        
 
10. How often do you replace sacrificial anodes on your boat?  
-  monthly  
- yearly  
- every two years  
- Other (please state): 
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11. What type of antifouling paint do you use? 
- Brand: 
- Main metals present e.g. copper or zinc: 
 
12. How often do you re-antifoul your boat? 
 
13. Any further comments you would like to add about anodes and their effectiveness? 
 
14. Does your vessel have a galvanic isolator fitted?  
 
Thank you for filling out this questionnaire  
 
https://docs.google.com/forms/d/1wILZzoCxkSYyloRZ-
2xwDT5CsRADW7StDT4t7FJbQH4/viewform?usp=send_form 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9 
 
Appendix 2 – Boat characteristic data from survey on Hamble 
 
Figure A2.1: Hulls on the Hamble were most commonly constructed from GRP 
(Fibreglass), no one who responded had a metal hull vessel, whilst four had wooden hulls  
 
Figure A2.2: Propulsion method of vessels, sailing vessels are more common than 
motorboats on the Hamble 
 
Figure A2.3: Days a year vessels are used on Hamble, most vessels are used between 20-
50 days a year 
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Appendix 3 – Site description and GPS location sampling sites  
Table A3.1: Sampling sites Hamble main estuary  
Sampling site code Site Name/location Site description GPS location 
10 Mouth of river Hamble Mouth of river Hamble just 
inside of spit located at mouth 
not many boats present apart 
from Hamble point marina and 
Stone Pier Yard  
50° 50 54”N 1° 18’ 
31”W 
 
9 Between Hamble and 
Warsash  
Mid channel between Hamble 
and Warsash off Harbour Board 
Office near Stone Pier Yard  
 
50° 51 25”N 1° 18’ 
30”W 
 
8 Between Port Hamble 
and Hamble Point 
marina 
Mid channel between Port 
Hamble and Hamble Point 
marina among mid channel 
moorings  
 
50° 51 21”N 1° 18’ 
35”W 
 
PM2 Port Hamble marina 
Downstream 
Port Hamble marina downstream 
of marina – off end of moorings  
 
50° 51 48”N 1° 18’ 
40”W 
 
7 Off Port Hamble 
Marina 
Mid channel off Port Hamble 
Marina among some mid channel 
moorings  
 
50° 51 34”N 1° 18’ 
38”W 
PM1 Port Hamble marina 
Upstream 
Port Hamble marina upstream of 
marina – off end of moorings 
 
50° 51 41”N 001° 
18’ 42”W 
6 Between Port Hamble 
and Mercury Marina 
Mid channel Between Port 
Hamble and Mercury Marina 
among mid channel moorings 
  
50° 51 57”N 1° 18’ 
31”W 
MM2 Mercury Marina 
Downstream 
Mercury marina downstream of 
marina – off end of moorings 
 
50° 52 20”N 1° 18’ 
38”W 
5 Off Mercury Marina  Mid channel off Mercury Marina 
among some mid channel 
moorings 
 
50° 52 17”N 1° 18’ 
30”W 
MM1 Mercury Marina 
upstream  
Mercury marina upstream of 
marina – off end of moorings 
 
50° 52 11”N 1° 18’ 
33”W 
UM2 Universal Marina 
downstream  
Universal marina downstream of 
marina – off end of moorings 
 
50° 52 33”N 1° 18’ 
05”W 
4 Off Universal Marina Mid channel off Mercury marina 
some mid channel moorings  
 
50° 52 33”N 1° 18’ 
24”W 
UM1 Universal Marina 
upstream 
Universal marina upstream of 
marina – off end of moorings 
 
50° 52 27”N 1° 18’ 
30”W 
SM2 Swanwick Marina 
downstream 
Swanwick marina downstream of 
marina – off end of moorings 
other boatyards such as Elephant 
near by 
 
50° 52 57”N 1° 18’ 
08”W 
3 Off Swanwick Marina Mid Channel of Swanwick 
marina – a lot of mid channel and 
boat yard moorings at Deacons 
and Elephant Boatyards  
 
50° 52 53”N 1° 18’ 
9”W 
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SM1 Swanwick Marina 
upstream 
Swanwick marina downstream of 
marina – off end of moorings 
other boatyards such as Elephant 
and Deacons near by 
 
50° 52 48”N 1° 18’ 
54”W 
2 Between Bursledon 
Bridge and M27 bridge 
around railway bridge 
Mid channel between Bursledon 
Bridge and M27 bridge around 
Railway bridge and Foulkes 
boatyard – fewer moorings in 
this part of river  
 
50° 53 7”N 1° 18’ 
58”W 
FB2 Foulkes Boatyard 
downstream 
Foulkes Boatyard downstream of 
moorings – moorings on 
pontoons in mid of channel/edge 
 
50° 53 16”N 1° 17’ 
48”W 
FB1 Foulkes Boatyard 
upstream 
Foulkes Boatyard upstream of 
moorings – moorings on 
pontoons in mid of channel/edge 
– fewer boats than elsewhere in 
estuary, it is however near M27 
bridge 
 
50° 53 13”N 1° 17’ 
48”W 
 
1 Beyond M27 bridge 
and moorings 
Mid channel beyond M27 bridge 
and last moorings – rural beyond 
this point of estuary, not many 
boats present  
 
50° 53 29”N 1° 17 
30”W 
 
C1 Control site Netley Control site off Royal Victoria 
country park, off chapel tower  
 
50° 51 49”N  1° 20’ 
54” W 
C2 Control site Lee on 
Solent 
Control site off Lee on Solent, 
out in the Solent. Sample taken at 
channel marker buoy 
50° 48 26”N 
1° 14’ 54” W 
 
Table A3.2: Sampling sites and site descriptions Hamble upstream  
Sampling site code Site Name/location Site description GPS location 
August sampling 
1A Manor Farm Pontoon Off Manor Farm pontoon, 
which is just above all boat 
moorings, rural area either 
side of river   
50°53'36.80"N 
1°17'19.25"W 
1B Manor Farm tributary/ 
creek 
Rural Hamble round the bend 
from 1A. Small creek on left 
of channel  
50°53'47.95"N 
1°16'44.71"W 
1C Tidal tributary confluence Confluence of the Hamble and 
Curbridge Stream tributaries 
of the Hamble. Sample 150 
metres downstream. Sewage 
works just downstream of this 
site 
 
50°54'4.11"N 
1°15'37.57"W 
1D Curbridge Stream 1 Curbridge Stream rural 
Hamble, narrow river channel, 
only navigable at high tide 
50°54'13.04"N 
1°15'19.23"W 
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1E Hamble tributary – 
Fairthorne manor 
Hamble tributary, rural apart 
from Fairthorne Manor 
activity centre, some small 
vessels and facilities present 
on banks. Mid channel sample 
50°54'17.57"N 
1°15'49.04"W 
1F Hamble tributary – 
Downstream Botley 
Hamble tributary, narrow 
channel, mainly rural, 
downstream of Botley, off a 
park on edge of channel   
50°54'39.68"N 
1°16'6.63"W 
1G Curbridge Stream 2 Curbridge Stream rural 
Hamble, narrow river channel, 
only navigable at high tide, 
further up channel from 1D 
 
50°54'15.40"N 
1°15'10.04"W 
July sampling 
B1 low and high tide  Hamble tributary – water 
collection 
Curbridge Stream, mainly 
rural, in settlement of 
Curbridge, by Horse and 
Jockey pub. Shallow narrow 
channel, very little water at 
low tide 
50°54'12.05"N 
1°15'4.49"W 
B2 Curbridge Stream tributary 
– water collection 
Fairthorne manor pontoon, 
shallow water, collected for 
laboratory experiment  
50°54'16.90"N 
1°15'46.30"W 
FR1 Freshwater One Maddoxford Bridge, river 
Hamble, small wooded river 
valley with a few properties 
near by 
 
50°55'35.43"N 
1°15'57.09"W 
FR2 Freshwater Two Maddoxford Bridge tributary 
1, tributary of the river 
Hamble, small stream running 
parallel to main channel 
50°55'36.30"N 
1°15'51.35"W 
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Table A3.3: Sampling sites Test and Itchen  
Sampling site code Site Name/location Site description GPS location 
T1 River Test, 
downstream of 
container port, off 
Mayflower Park and 
Marchwood Military 
Port 
Off Container port and Mouth to 
Eling river, some small pleasure 
boats moored at edge of channel 
and sewage treatment works just 
downstream  
 
50°54'25.42"N 
1°26'21.70"W 
T2 River Test, Upstream 
of container port, off 
Eling river entrance  
Downstream of main container 
port, but still in port complex, with 
cruise liners and ferry terminals 
nearby, small pleasure craft also 
on buoys in estuary   
 
50°54'48.78"N 
1°28'17.94"W 
I1 River Itchen, Inside 
Ocean Village Marina  
Sample taken inside Ocean 
Village marina, which is a semi 
enclosed marina with 375 berths 
 
50°53'41.59"N 
1°23'25.52"W 
I2 River Itchen, under 
Itchen Bridge  
Downstream off Itchen Bridge, 
outside of Ocean Village Marina, 
sewage treatment works 
downstream and new development 
on  
Woolston side of estuary 
  
50°53'45.17"N 
1°23'14.53"W 
I3 River Itchen, Ocean 
Quay  
Collected off Ocean Quay marina, 
and Lauren Marine marina, this 
area of the river is the most 
populated with regard boats  
 
50°54'28.13"N 
1°23'1.67"W 
I4 River Itchen, Northam 
Bridge  
Collected downstream of Northam 
Bridge, some mid channel 
moorings, a scrap metal yard is 
present on the river bank and a 
number of industrial facilities. 
There are also a number of 
wooden and metal ship wrecks on 
the channel edges 
 
50°54'49.46"N 
1°22'52.22"W 
I5 River Itchen, Riverside 
Park 
Upstream of Cobden bridge and 
boatyards, on edge of Riverside 
Park, a sewage treatment works 
was just downstream of site, the 
tidal limit of the Itchen is a short 
distance upstream at Woodmill  
 
50°55'52.37"N 
1°22'48.50"W 
C1 Control site Netley – 
same site as used for 
Hamble samples 
(Table 6.3) 
Control site off Royal Victoria 
country park, off chapel tower  
 
50°52 058”N 
001°21’ 55” W 
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Appendix 4 - Combined sampling sites map 
This map combines the Hamble, Hamble upstream maps and the Test and Itchen map to 
show the spread of samples within Southampton Water.  
 
 
Figure A4.1: Hamble combined sampling sites showing spread within Southampton 
Water.  
 
 
 
 
 
 
 
 
 
 
15 
 
Appendix 5 – Sampling dates and weather and tidal conditions  
Table A5.1: Sampling dates and conditions - Hamble, Itchen and Test 
Estuary Date  Weather  Tide times GMT and 
(height metres) 
Hamble June 2015 Cloudy and sunny spells, 
occasional light drizzle, 
mild 
Warsash HT 10.58 (4.4m) 
Bursledon HT 11.49 (4.4m) 
Hamble 13th October 
2015 
Cloud and sunny spells  Warsash HT 12.19 (4.m5) 
Bursledon HT 
12.29 (4.6m) 
Hamble  12th January 
2016 
Cloudy and sunny spells  Warsash HT 12.28 (4.7m) 
Bursledon HT 
12.36 (4.9m) 
Hamble  9th May 
2016 
 
Cloud and sunny spells  Warsash HT 13.43 (4.6m) 
16.15 (4.6m) 
Bursledon HT 
13.50 (4.8m) 
16.18 (4.8m) 
Hamble Upstream 1 31st July 
2016 
 
Sunny and mild  Warsash HT 9.48 (4.2m)  
11.30 (4.1m) 
Warsash LT 15.29 (1.5m) 
Bursledon HT 
9.55 (4.3m) 
11.40 (4.2m) 
Bursledon LT 
15.34 (1.58m) 
Hamble Upstream 2 18th August 
2016 
 
Cloudy with sunny spells, 
mild 18 - 20s 
 
Warsash HT 12.07 (4.6m)  
Bursledon HT 
12.17 (4.7m) 
Test and Itchen  2nd 
November 
2016 
Cloudy with some sunny 
spells  
 
Warsash HT 12.28 (4.5m)  
14.05 (4.4m) 
Southampton HT 
12.16 (4.5m) 
13.50 (4.4m) 
Hamble 15th 
November 
2016 
Mild highs of 15/16̊, sunny 
spells  
 
Warsash HT 11.05 (5m)  
13.29 (4.7m)  
Bursledon HT 11.15 (5.1m) 
13.35 (4.9m) 
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Appendix 6 - BLM model data inputs 
To predict a local EQS and the bioavailable metal for the freshwater environment from the 
BLM model, calcium, pH, DOC and the metal concentrations are needed. The data used to 
predict this was EA (Environment Agency) averaged data for each site, where certain 
parameters were missing from a site averaged data from the other sites within that water 
body was used. The tables below outline the data which was inputted into the model for 
each site. Zinc in the below tables is the value used for observed values in results section of 
volume 1 of this thesis.   
Table A6.1: Hamble input data 
Hamble site names DOC mg/l Zn  µg/l  pH Calcium mg/l 
Maddoxford Bridge  4.05 5.83 
7.98 101.49 
Durley 3.59 5.75 
7.9 106.29 
Curbridge Stream  - 9.76 
7.58 55.60 
Botley Stream - Broadoak  - 15.85 
7.40 61.05 
Ford lake  - 7.24 
7.45 54.30 
Moor Stream  - 5.19 
7.76 109.65 
Upstream Brooklands Farm  8.04 5.48 
7.82 79.44 
Shawford Lake - Fairthorne manor - 6.63 
7.34 52.54 
Steeple Court stream  - 15.67 
7.27 51.32 
 
Where DOC was not present on the Hamble, a Hamble freshwater average DOC value of 
3.74mg/l was used.  
Table A 6.2: Itchen input data 
Itchen site names DOC mg/l Zn  µg/l  pH Calcium mg/l 
Tichbourne Sewards Bridge - 5.14 
7.75 116.55 
Bishopstoke - 5.64 
8.06 116.36 
Gaters Mill 1.66 5.96 
8.02 111.98 
Itchen Stoke - 8.31 
7.82 114.71 
Otterbourne Pumping station 1.00 5.24 
8 116.45 
 St Cross Bridge - 5.68 
7.95 117.18 
Downstream Arlesford by-pass - 6.12 
7.83 114.67 
Eastleigh WtW 1.62 5.7 
8.08 115.23 
 
Sites where DOC was missing for the Itchen, an Itchen average of 1.62mg/l was used.  
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Table A 6.3: Test and Bartley Water input data 
Test and Bartley Water site names DOC mg/l Zn  µg/l  pH Calcium mg/l 
Bartley Water - Ashurst Bridge  - 8.67 7.48 35.85 
Bartley Water - Potterns  - 8.23 7.55 31.97 
Bartley Water - Fletchwood Tribitary - 9.71 7.51 41.42 
Awbridge Dane Stream - 5.25 7.36 26.53 
Awbridge stream downstream of Tip - 12.1 7.55 41.32 
Common Marsh, Stockbridge 1.44 5.89 7.98 110.70 
Fairbourne Stream Brook Farm - 5.06 7.81 93.91 
Hurstbourne Priors 1.30 5.89 8.02 108.55 
Greenhill leat Romsey - 7.32 7.48 69.71 
Kings Somborne WtW 1.35 5.89 8.08 112.27 
Kings Somborne Horsebridge Mill - 5.27 7.49 114.46 
Nursling stream, Luzborough - 5.96 7.56 56.90 
Quidhampton - 5 7.58 114.81 
River Blackwater Nutsey Bridge 3.69 6.46 7.76 80.78 
Bridge Street, Overton - 6.21 7.72 113.96 
East Aston Common - 5 7.98 110.43 
Greatbridge 1.46 5.46 7.92 112 
Kimbridge - 5.07 7.93 110.78 
Longbridge - 5.11 7.88 110.27 
Mayfly Inn, Chilbolton - 5.21 7.97 112.73 
Polhampton - 5.63 7.33 115.98 
Testwood  1.63 5.24 7.98 106.79 
Wherwell 1.21 5.21 7.95 114.05 
Longstock - 5.91 8.01 114.11 
Tadburn Lake, Crampmoor - 11.99 7.45 35.88 
Tadburn lake, Romsey By-pass - 5.21 7.87 90.82 
Town Mill, Whitchurch - 5.55 7.82 112.16 
Upstream Garden Fish Farm - 5.69 7.88 99.88 
 
DOC concentrations data was not available for Bartley Water so a Test average was used 
of 1.96mg/l. The same average was used for sites on the Test missing DOC data. Two sites 
were missing zinc data these were Common Marsh and Kings Somborne Sewage works in 
these cases a zinc average was used.  
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Appendix 7 – BLM model results Test and Itchen  
BLM model Itchen  
The BLM model predictions for local EQS concentrations on the Itchen River tended to be 
lower than those on the Hamble, with local EQS values ranging between 15.92-18.09µg/l. 
The EQS predictions for the Hamble were higher than those determined for the Itchen due 
to lower DOC concentrations being present on the Itchen, with values of 1-1.96mg/l, this 
therefore meant less complexation of the zinc could occur. This means the metals present 
are less likely to bind to ligands and be removed from the bioavailable fraction hence the 
lower EQS values (Kozelka and Bruland, 1998; Lohan et al., 2005). This also meant the 
bioavailable zinc predictions were also higher for the Itchen and closer to the observed zinc 
values, with observed zinc ranging between 5.14-8.31µg/l and a bioavailable predictions 
range of 3.1-5.04µg/l. The percentage of zinc which is bioavailable is higher on the Itchen 
than it is the Hamble.  
The observed zinc concentrations on the Itchen were still within the BLM models EQS 
prediction. This therefore shows the Itchen and Hamble both meet the local EQS for each 
freshwater site tested.  
Table A7.1: BLM model Itchen results 
Itchen site names Zn local EQS µg/l Observed Zn µg/l  Bioavailable Zn µg/l 
Tichbourne Sewards Bridge 18.09 5.14 3.10 
Bishopstoke 17.95 5.64 3.42 
Gaters Mill 17.95 5.96 3.62 
Itchen Stoke 17.99 8.31 5.04 
Otterbourne Pumping station 15.92 5.24 3.59 
 St Cross Bridge 17.95 5.68 3.45 
Downstream Arlesford by-pass 17.99 6.12 3.71 
Eastleigh WtW 17.95 5.7 3.46 
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BLM model Test and Bartley water  
The BLM model predictions on the Test and Bartley Water tended to range from the levels 
observed on the Itchen to the lower levels of those observed on the Hamble. Local EQS 
predictions ranged between 15.92-34.45µg/l., observed total dissolved zinc concentrations 
ranged between 5-11.99µg/l. The Test and Bartley Water like the Itchen and Hamble meets 
the local EQS predictions at all freshwater sites. DOC concentrations on the Test and 
Bartley Water tended to be low like on the Itchen (1.3-3.69mg/l, most sites around 1.3-
1.9mg/l mark) which meant bioavailable zinc concentrations were a higher proportion of 
the total dissolved zinc like the Itchen than the values observed on the Hamble.  
Table A7.2: BLM model Test and Bartley Water results  
Test and Bartley Water site names Zn local EQS µg/l Observed Zn µg/l  Bioavailable Zn µg/l 
Bartley Water - Ashurst Bridge  17.12 8.67 5.52 
Bartley Water - Potterns  17.38 8.23 5.16 
Bartley Water - Fletchwood Tribitary 20.79 9.71 6.07 
Awbridge Dane Stream 16.90 5.25 3.39 
Awbridge stream downstream of Tip 17.45 12.1 7.56 
Common Marsh, Stockbridge 17.95 5.89 3.58 
Fairbourne Stream Brook Farm 20.70 5.06 2.66 
Hurstbourne Priors 15.92 5.89 4.03 
Greenhill leat Romsey 20.72 7.32 3.85 
Kings Somborne WtW 17.95 5.89 3.58 
Kings Somborne Horsebridge Mill 20.72 5.27 2.77 
Nursling stream, Luzborough 20.68 5.96 3.14 
Quidhampton 20.68 5 2.63 
River Blackwater Nutsey Bridge 24.45 6.46 2.88 
Bridge Street, Overton 20.68 6.21 3.27 
East Aston Common 20.76 5 2.63 
Greatbridge 17.95 5.46 3.31 
Kimbridge 20.76 5.07 2.66 
Longbridge 20.76 5.11 2.68 
Mayfly Inn, Chilbolton 20.76 5.21 2.74 
Polhampton 20.80 5.63 2.95 
Testwood  17.95 5.24 3.18 
Wherwell 15.92 5.21 3.57 
Longstock 20.76 5.91 3.10 
Tadburn Lake, Crampmoor 17.12 11.99 7.63 
Tadburn lake, Romsey By-pass 20.70 5.21 2.74 
Town Mill, Whitchurch 20.70 5.55 2.92 
Upstream Garden Fish Farm 20.76 5.69 2.99 
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Appendix 8 – Boat moorings in Southampton Water  
Table A8.1: Marinas and Moorings River Test and Bartley Water 
Test and Bartley Water moorings Berths  
Town Quay 230 
Mid Channel 165 
Marchwood Yacht club 8 
Eling moorings  105 
Total 508 
(New Forest District Council, 2015; Town Quay Marina, 2016; Eling Sailing Club, 
2016; Totton and Eling Town Council, 2016) 
Table A8.2: Marina and moorings, berth numbers river Itchen 
Itchen Marinas  Berths  
Ocean Village 375 
Ocean Quay Marina 50 
Kemps Boatyard 260 
Shamrock Quay 255 
Lauren Marine  55 
Dyer Bros Marine LTD 40 
Saxon Wharf 50 
Mid Channel 85 
Private moorings 233 
Horseshoe moorings  18 
Total 1421 
 
Table A8.3: Ashlett creek moorings 
Ashlett Creek moorings Berths 
Mid channel  35 
Sailing club 70 
Total 105 
(New Forest District Council, 2015) 
Table A8.4: Southampton Water and Tributaries moorings 
River/Creek Berths 
Hamble 3000 
Itchen  1421 
Test and Bartley Water 508 
Southampton Water  311 
Ashlett Creek 105 
Total 5345 
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Appendix 9 – Southampton Water and tributaries anode zinc load 
A release rate of 2.34kg/yr/vessel was used for these calculations, calculated from anode 
survey results from the Solent region  
Table A9.1: Southampton Water anode zinc load  
Estuary Berths  Zinc load t/yr 
Southampton Water     
Hythe 206 0.48 
Netley Cliff Sailing club 5 0.01 
Seasonal mid channel 100 0.23 
Total 311 0.73 
River Test    
Town Quay 230 0.54 
Mid Channel 165 0.39 
Marchwood Yacht club 8 0.02 
Eling moorings  105 0.25 
Total 508 1.19 
River Itchen    
Ocean Village 375 0.88 
Ocean Quay Marina 50 0.12 
Kemps Boatyard 260 0.61 
Shamrock Quay 255 0.60 
Lauren Marine  55 0.13 
Dyer Bros Marine LTD 40 0.09 
Saxon Wharf 50 0.12 
Mid Channel 85 0.20 
Private moorings 233 0.55 
Horseshoe moorings  18 0.04 
Total 1421 3.33 
Ashlett Creek    
Mid channel  35 0.08 
Sailing club 70 0.16 
Total 105 0.25 
Southampton Water and tributaries 
Total   5345 5.49 
Solent Total 24000 56.16 
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Appendix 10 – Zinc load, Plymouth, Orwell and Blackwater estuary  
Table A10.1: Other estuaries anode zinc load  
Estuary Berths Zinc load (t/yr.) 
Plymouth  1.2 1.35 
0.81 
(kg/yr/vessel) 
Sutton Harbour 573 0.69 0.77 0.46 
Queens Anne Battery 235 0.28 0.32 0.19 
Yacht Haven 450 0.54 0.61 0.36 
Mayflower 396 0.48 0.53 0.32 
Total Plymouth 1654 1.99 2.23 1.33 
Orwell estuary  0.87 2.37 kg/yr/vessel 
Mid Channel 50 0.04 0.12  
Suffolk Yacht Harbour 550 0.48 1.30  
Shotley Marina 350 0.30 0.83  
Wolverstone Marina 345 0.30 0.82  
Ipswich Haven Marina 320 0.28 0.76  
Royal Harwich Yacht Club 54 0.05 0.13  
Fox Marina  100 0.09 0.24  
Neptune Marina 150 0.13 0.36  
Total Orwell 1919 1.67 4.55  
Blackwater estuary  0.87 2.37 kg/yr/vessel 
Tollesbury 250 0.22 0.59  
Woodrolfe brockerage 100 0.09 0.24  
Marconi Sailing Club 100 0.09 0.24  
Blackwater Marina 445 0.39 1.05  
Essex Water Ways Marina 200 0.17 0.47  
The Hythe/Fullbridge, 
Maldon 65 0.05 0.15  
Mersea mid channel 550 0.48 1.3  
Downs Road Boat Yard 150 0.13 0.36  
Total Blackwater 1860 1.61 4.41  
 
 
 
 
 
 
 
 
 
 
 
23 
 
Appendix 11 – Hamble DOC dataset  
Table A11.1: DOC, humic and fulvic June 2015 
Site DOC 
mg/l 
DOC 
Fluorimeter 
mg/l 
Humic Fulvic  HIX BIX Tryptophan 
10 2.15 0.90 60 37 2.03 0.84 58.3 
PM1 1.60 1.15 81 46 1.36 0.92 129.4 
9 2.03 1.06 73 46 1.12 0.96 106.7 
8 1.82 1.12 79 48 2.68 0.76 69.8 
7 2.08 0.88 59 38 0.91 1.05 116.2 
6 2.16 1.57 118 82 0.73 1.17 455.2 
5 2.95 1.15 81 53 2.61 1.6 65.6 
4 2.35 1.74 133 71 2.5 0.94 88 
SM1 2.40 1.36 116 72 3.4 0.73 129.4 
3 2.67 1.42 105 67 3.04 0.87 57 
2 3.90 1.70 129 78 3.08 0.87 81.9 
1 3.52 1.78 137 90 3.96 0.8 62.5 
 
Table A11.2: DOC, humic and fulvic, HIX and BIX October 2015 
Site DOC 
mg/l 
DOC 
Fluorimeter 
mg/l 
Humic Fulvic  HIX BIX Tryptophan 
C1  1.92 1.27 92 52 2.06 0.96 80.2 
C2 1.87 0.96 65 38 1.38 0.92 81.7 
10 3.54 1.43 106 58 1.94 0.83 96 
9 4.69 2.00 155 96 2.05 0.87 163.8 
8 3.69 1.59 120 53 4.99 0.90 83.8 
PM2 2.51 0.95 64 47 1.80 0.89 84.5 
7 2.43 1.31 95 48 1.99 0.96 103.4 
PM1 2.38 1.25 90 48 2.18 0.99 65.2 
6 2.28 1.09 77 52 2.52 0.92 89.7 
MM2 2.76 1.61 122 76 2.41 0.85 90.9 
5 2.59 1.61 122 55 2.05 0.89 89.8 
MM1 2.49 1.71 131 77 2.27 0.88 103.5 
UM2 2.61 1.38 101 66 2.60 0.82 79.1 
4 2.57 1.66 126 132 2.45 0.88 108.9 
UM1 2.82 1.83 141 94 3.05 0.80 89.5 
SM2 3.66 2.42 192 126 2.68 0.76 123.2 
3 3.23 2.26 178 127 3.58 0.84 132.2 
SM1 2.83 2.23 176 133 4.04 0.69 102.9 
2 3.17 2.84 228 163 3.12 0.80 145.6 
FB2 3.68 2.49 198 155 3.47 0.68 126.6 
FB1 3.57 2.92 235 182 3.40 0.77 160.3 
1 4.55 3.61 296 281 3.90 0.70 176.3 
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Table A11.3: DOC, humic and fulvic January 2016 
Site DOC 
mg/l 
DOC 
Flourimeter 
mg/l 
Humic Fulvic HIX BIX Tryptophan 
C1 1.83 2.39 190 151 6.80 0.59 61.8 
C2 1.35 1.38 102 76 6.57 0.73 45.8 
10 1.89 2.31 183 160 6.91 0.64 59.3 
9 1.76 2.31 183 152 4.07 0.67 71.8 
8 12.21 2.45 194 185 5.08 0.63 77.1 
PM2 1.85 2.46 195 158 9.46 0.68 46.9 
7 2.53 2.63 211 180 6.04 0.67 90.8 
PM1 1.99 2.53 201 157 7.03 0.64 64.4 
6 2.05 2.86 211 180 6.04 0.67 91.5 
MM2 4.92 3.34 272 265 9.35 0.58 57.4 
5 2.98 2.99 242 221 7.59 0.58 68 
MM1 2.09 2.77 223 198 8.70 0.60 56.8 
UM2 2.55 3.23 263 262 9.81 0.54 67.3 
4 2.60 3.36 274 281 6.80 0.60 99.2 
UM1 4.62 6.52 550 570 18.76 0.57 99 
SM2 3.74 4.66 387 439 8.77 0.60 115 
3 4.31 5.62 471 530 13.77 0.58 107.6 
SM1 4.47 5.92 497 533 10.73 0.58 116.5 
2 6.72 5.13 521 578 17.80 0.58 102.5 
2a 4.29 6.20 429 477 11.11 0.59 125.1 
FB2 4.68 5.69 477 504 11.81 0.55 129.2 
FB1 4.00 5.54 464 483 13.95 0.59 109.3 
1 4.23 5.60 470 487 15.10 0.60 107.6 
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Table A11.4: DOC, humic and fulvic May 2016 
Sample 
Number 
DOC 
mg/l 
DOC 
Flourimeter 
mg/l 
Humic Fulvic HIX BIX Tryptophan 
C1 2.21 1.27 92 58 1.57 0.78 95.8 
C2 2.66 1.27 92 83 1.59 0.88 108.2 
10 2.48 1.04 71 50 2.09 0.87 67.8 
9 2.70 1.35 98 57 1.09 0.9 165.6 
8 1.83 1.22 88 49 2.12 0.85 55.1 
PM 2 1.94 1.12 79 53 1.83 0.82 70.9 
7 1.85 1.09 76 53 2.29 0.83 69.7 
PM 1 1.90 1.19 85 63 3.67 0.76 53.1 
6 1.71 1.19 85 54 1.89 0.77 65.16 
MM 2 2.01 1.15 82 57 1.72 0.88 83.2 
5 1.83 1.18 84 53 2.83 0.86 59 
MM 1 2.22 1.3 95 64 1.92 0.77 92 
UM 2 2.30 1.3 95 66 1.02 0.9 182.5 
4 1.87 1.11 74 48 1.6 0.85 73 
UM 1 1.91 1.27 92 59 2.26 0.81 67.3 
SM 2 1.74 1.76 135 83 2.5 0.82 70.3 
3 2.06 1.06 74 52 1.95 0.87 58.2 
SM 1 2.09 1.37 100 72 2.02 0.76 94 
2 2.51 1.49 111 78 1.67 0.79 123.7 
FB2 2.08 1.37 100 69 2.79 0.81 83.5 
FB1 2.26 1.59 120 76 3.55 0.89 70.1 
1 2.00 2.27 179 107 2.21 0.76 201.1 
1A 2.12 1.66 126 90 3.87 0.75 67.4 
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Table A11.5: DOC, humic and fulvic November 2016 
Sample 
Number 
DOC 
mg/l 
DOC 
Fluorimeter 
mg/l 
Humic Fulvic HIX BIX Tryptophan 
C1 1.02 0.80 51 47 1.97 1.04 48.9 
C2 1.05 0.86 56 36 1.83 0.87 77.5 
10 0.94 0.84 54 45 1.48 1.02 63.7 
9 0.96 0.91 60 38 2.68 0.83 52.4 
8 1.11 0.91 61 45 1.84 0.77 68.8 
PM 2 1.22 0.81 52 41 1.51 0.84 89.9 
7 1.00 0.95 64 45 1.46 1.01 57 
PM 1 1.05 0.83 54 40 2.2 0.94 47.6 
6 1.18 1.01 69 41 1.48 0.96 88.6 
MM 2 1.18 0.88 58 51 1.98 0.78 69.3 
5 1.13 1.22 87 51 2.1 0.8 51.2 
MM 1 0.86 0.68 41 39 2.6 0.7 44.1 
UM 2 0.95 1.02 70 46 3.05 0.85 62.7 
4 1.17 0.88 58 41 1.72 1.19 42.5 
UM 1 2.42 1.01 69 50 2.61 0.77 63.4 
SM 2 1.16 1.02 70 71 2.25 0.8 57.3 
3 1.17 1.17 83 50 2.05 0.81 59.5 
SM 1 1.34 1.12 79 52 2.19 0.89 75.3 
2 1.31 1.28 93 71 2.24 0.82 62.9 
FB2 1.44 1.24 89 75 2.29 1.48 64.7 
FB1 1.57 1.13 80 68 2.37 0.75 59.3 
1 1.84 1.37 101 70 1.77 0.75 113.9 
1A 2.09 1.38 102 88 1.69 0.74 145 
1B 1.74 1.41 104 86 3.31 0.83 72.6 
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Table A11.6: Hamble DOC average 
Sample 
Number 
DOC Average 
mg/l 
DOC Sd Salinity 
Average 
C1 1.93 0.57 30.49 
C2 1.75 0.71 32.81 
10 2.08 0.84 31.67 
9 2.29 1.41 31.67 
8 3.77 4.42 31.74 
PM 2 1.89 0.53 31.53 
7 1.97 0.64 31.70 
PM 1 1.82 0.51 31.59 
6 1.92 0.44 31.54 
MM 2 2.81 1.65 30.60 
5 2.36 0.71 30.95 
MM 1 1.84 0.71 31.07 
UM 2 2.03 0.79 30.94 
4 2.10 0.64 30.31 
UM 1 3.02 1.21 28.73 
SM 2 2.70 1.29 28.75 
3 2.74 1.08 28.97 
SM 1 2.66 1.23 28.44 
2 3.52 2.15 28.12 
FB 2 2.99 1.56 27.77 
FB 1 2.85 1.20 27.76 
1 3.30 1.23 27.39 
1a 2.34 0.29 29.52 
1b 1.94 0.28 29.37 
 
Table A11.7: DOC, humic and fulvic, HIX and BIX July 2016, Hamble upstream 
Sample 
Number 
DOC 
mg/l 
DOC 
Fluorimeter 
mg/l 
Humic Fulvic HIX BIX Tryptophan 
8 1.52 0.97 66 48 1.99 0.92 57.9 
B1 HT 3.66 4.76 396 443 5.94 0.66 161.2 
B1 LT 3.70 5.95 500 535 11.3 0.59 149.4 
B2 2.87 3.14 255 239 4.32 0.73 140.9 
FR1 3.99 6.2 522 583 13.8 0.65 134.5 
FR2 2.41 2.23 175 187 3.33 0.78 138.3 
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Table A11.8: DOC, humic and fulvic August 2016, Hamble upstream 
Sample 
Number 
DOC 
mg/l 
DOC 
Fluorimeter 
mg/l 
Humic Fulvic  HIX BIX Tryptophan 
10 2.05 1.15 82 57 2.44 0.81 81.6 
5 2.13 1.06 73 46 1.83 0.76 74.9 
3 2.40 1.78 136 95 2.25 0.77 148.9 
1A 2.28 1.69 129 96 2.33 0.8 138.2 
1B 2.14 1.93 150 97 3.49 0.75 95.2 
1C 2.29 2.05 160 112 4.04 0.79 107.2 
1D 2.68 2.52 201 161 3.26 0.77 116.5 
1E 2.72 2.57 205 177 4.73 0.71 117.1 
1F 2.94 3.1 251 256 4.68 0.72 139.6 
1G 6.03 3.05 247 223 5.52 0.7 136.3 
 
Table A11.9: DOC, humic and fulvic July 2016, Warsash cross tidal 
Sample 
Number/ time 
(BST) 
DOC 
mg/l 
DOC 
fluorimeter 
mg/l 
Humic Fulvic HIX BIX Tryptophan 
W1 10.15 1.44 1.3 95 71 2.73 0.73 74.3 
W2 11.00 2.79 1.37 101 65 2.05 0.89 79.5 
W3 12.00 1.89 1.4 103 65 2.32 0.86 68.3 
W4 13.00 1.61 1.37 101 63 2.31 0.83 60.7 
W5 14.00 1.58 1.49 11 56 1.89 0.81 90.3 
W6 15.00 2.18 1.48 110 80 2.03 0.89 83 
W7 16.00 1.66 1.78 136 82 2.86 0.82 69.3 
W8 16.15 1.91 1.68 128 92 2.79 0.74 87.2 
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Table A11.10: DOC, humic and fulvic July 2016, Manor Farm cross tidal 
Sample 
Number/ time 
(BST) 
DOC 
mg/l 
DOC 
fluorimeter 
mg/l 
Humic Fulvic HIX BIX Tryptophan 
MF1 10.20 2.34 2.69 216 137 4.69 0.79 100.3 
MF2 11.00 2.72 1.93 150 97 3.49 0.75 95.2 
MF3 12.00 2.55 2.43 193 139 3.74 0.72 100.6 
MF4 13.00 2.46 2.83 228 131 4.15 0.73 84.1 
MF5 14.00 2.62 2.56 204 143 3.3 0.85 100 
MF6 15.00 2.56 2.46 196 118 3.01 0.87 102.7 
MF7 16.00 3.16 2.58 206 148 2.83 0.73 122.7 
MF8 17.00 2.62 3.32 271 179 4.72 0.81 103.3 
MF9 17.30 2.89 3.51 287 199 5.9 0.73 131.4 
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Appendix 12 – June 2015 Fluorimeter results acidified/non-acidified  
In June 2015 not all samples were available for analyse for fulvic and humic un-acidified, 
all samples available un-acidified and the equivalent acidified were run along with missing 
acidified samples. This was carried out to determine if acidified samples lowered the 
fulvic, humic and DOC content of the samples. In most cases the acid did lower the humic 
and fulvic content present but not within all samples, the same was the case with the DOC 
concentrations measured in the fluorimeter (Table A7.1, Figure A7.1). HIX generally 
showed no trend with acid, whilst BIX was lower in the acidified samples. Tryptophan was 
lower in the majority of the acidified samples. This shows that for the majority of 
constituents within the DOC pool the presence of acid can have an effect on the 
concentrations observed, but generally this effect was small in most cases.  
Table A12.1: DOC, humic and fulvic June 2015 acidified and no acid fluorimeter samples  
  Non-acidified Acidified Non-acidified Acidified 
Site DOC mg/l DOC mg/l Humic Fulvic Humic Fulvic 
1 1.78 1.57 137 90 118 107 
2 1.70 1.81 129 78 139 111 
3 1.42 1.67 105 67 127 82 
4 1.74 1.19 133 71 85 67 
5 1.15 1.17 81 53 83 59 
6 1.57 0.39 118 82 15 3 
SM1 - 1.36 116 72 100 84 
7 0.88 0.81 59 38 52 49 
8 1.12 0.81 79 48 52 40 
9 1.06 0.78 73 46 49 38 
PM1 1.15 1.21 81 46 87 54 
10 0.90 0.72 60 37 44 41 
FB1 - 1.47 - - 109 93 
FB2 - 1.45 - - 107 91 
SM2 - 1.45 - - 108 81 
UM1 - 1.19 - - 85 75 
UM2 - 0.96 - - 65 57 
PM2 - 0.77 - - 48 44 
C1 - 1.01 - - 69 52 
C2 - 1.04 - - 71 45 
MM1 - 1.25 - - 90 65 
MM2 - 1.13 - - 79 59 
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Table A12.2: HIX, BIX and tryptophan acidified and no acid, June 2015, fluorimeter 
samples  
 Non-acidified Acidified Non-acidified Acidified Non-acidified Acidified 
Site HIX HIX BIX BIX Tryptophan Tryptophan 
1 3.96 4.13 0.8 0.69 62.5 51.3 
2 3.08 3.94 0.87 0.75 81.9 84.2 
3 3.04 2.26 0.87 0.69 57 56 
4 2.5 2.12 0.94 0.78 88 72.2 
5 2.61 1.76 1.6 0.7 65.6 43.8 
6 0.73 1.32 1.17 0.8 455.2 5.1 
SM1 - 3.4 - 0.73 129.4 43.8 
7 0.91 1.69 1.05 0.8 116.2 42.9 
8 2.68 1.96 0.76 0.75 69.8 33.8 
9 1.12 2.53 0.96 0.69 106.7 29.7 
PM1 1.36 1.78 0.92 0.82 129.4 45.1 
10 2.03 2.57 0.84 0.74 58.3 30.3 
FB1 - 3.87 - 0.7 - 62.8 
FB2 - 4.16 - 0.72 - 45.2 
SM2 - 2.9 - 0.74 - 48 
UM1 - 3.33 - 0.7 - 41.3 
UM2 - 2.34 - 0.75 - 42.6 
PM2 - 1.93 - 0.73 - 28.8 
C1 - 1.33 - 0.74 - 53.4 
C2 - 1.09 - 0.79 - 63.9 
MM1 - 1.99 - 0.79 - 49.8 
MM2 - 1.42 - 0.76 - 71.4 
 
 
Figure A12.1: Acidified and non-acidified humic June 2015, humic was generally lower in 
the acidified samples  
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Figure A12.2: Fulvic June 2015 acidified and non-acidified, acidified samples generally 
had lower fulvic  
 
Figure A12.3: HIX acidified versus non-acidified June 2015, HIX generally did not show 
a trend, suggesting it is not greatly influenced by acid content 
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Figure A12.4: BIX acidified and non-acidified, non-acidified was generally higher for 
BIX 
 
Figure A12.5: Tryptophan acidified versus non-acidified, non-acidified samples were 
generally higher 
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Appendix 13 – Labile zinc percentages  
Table A13.1: Labile zinc percentages Hamble 
 Labile percentage 
Site Jun-15 Oct-15 Jan-16 May-16 Nov-16 Average Sd 
C1 11 62 32 13 26 29 21 
C2 8 19 53 14 19 23 17 
10 12 23 20 1 50 21 18 
9 3 49 46 37 9 29 21 
8 0.03 31 94 14 15 31 37 
PM 2 21 84 6 6 15 26 33 
7 39 59 72 43 21 47 20 
PM 1 3 17 18 26 9 15 9 
6 37 62 58 33 31 44 15 
MM 2 22 66 60 10 34 38 24 
5 14 58 46 14 39 34 20 
MM 1 8 27 51 22 41 30 17 
UM 2 13 29 48 4 61 31 24 
4 26 36 48 39 37 37 8 
UM 1 10 61 40 19 48 36 21 
SM 2 37 46 47 27 58 43 12 
3 49 65 60 91 35 60 21 
SM 1 37 71 64 34 62 54 17 
2 77 68 51 3 46 49 29 
2a  - - 97 - -  97 -  
FB 2 7 45 45 2 43 28 22 
FB 1 20 76 59 8 82 49 33 
1 7 56 50 9 35 31 23 
1A  - -  - 63 62 63 1 
1B -  -  -  -  28 28 -  
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Table A 13.2: Labile zinc percentages Hamble upstream 
Labile percentage 
Site Aug-16 Jul-16 
10 86 - 
8 - 57 
5 30 - 
3 39 - 
1A 33 - 
1B 59 - 
1C 87 - 
1D 23 - 
1E 47 - 
1F 29 - 
1G 27 - 
B2 - 78 
B1H - 1 
B1L - 15 
FR1 - 4 
FR2 - 8 
 
The labile zinc percentage showed less of a trend upstream, freshwater tended to have 
lower percentages and low tide higher than high tide at sites B1. Sites 1B and 1C were 
highest and these were upstream of main boat areas. 
Table A13.3: Labile zinc percentages Test and Itchen  
Labile percentage 
Site Nov-16 
I1 37 
I2 24 
I3 26 
I4 48 
I5 8 
T1 9 
T2 43 
C1 40 
 
On the Itchen the upstream most sample had the lowest labile percentage and the highest 
was observed of a scrap yard site (I4). Ocean village had a relatively high percentage at 37 
(I1).   
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Table A13.4: Labile zinc percentages Hamble 
Labile 
percentage 
Site Jul-16 
W1 4 
W2 6 
W3 15 
W4 3 
W5 7 
W6 5 
W7 27 
W8 34 
MF1 28 
MF2 29 
MF3 38 
MF4 19 
MF5 41 
MF6 53 
MF7 46 
MF8 24 
MF9 8 
 
At Warsash during the cross tidal study, the labile tended to be higher on the low tide 
samples (W7 and W8) and also at W3, these all tended to correspond with lower total 
dissolved concentrations. At the cross tidal study at Manor Farm the percentage tended to 
be highest on the falling tide, the lowest labile percentage was at low tide.  
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Appendix 14 – Hamble sampling session – estuary parameters 
The pH probe on the YSI 556 MPS probe, gave mixed results so from January 2016 
onwards results were obtained on a handheld pH meter in the laboratory also.  
Table A14.1: Estuary parameters June 2015  
HT= High tide, AHT = Approaching High tide, RT =Receding tide 
June 2015 - Hamble - high tide 11.07 
Site Time State of tide  Temperature °C Salinity  pH DO% Conductivity 
10 10.40 AHT 16 32.71  - 71.50 49.93 
9 11.00 HT 16.6 32.74 7.6 71.30 49.94 
8 11.05 HT 16.05 32.67 7.67 72.20 49.85 
PM 2 11.15 HT 16.3 32.58 7.66 67.30 49.72 
7 11.25 HT 16.13 32.62 7.7 70.70 49.78 
PM 1 11.35 HT 16.42 32.34 7.72 71.60 49.36 
6 11.45 HT 16.41 32.35 7.73 72.00 49.39 
MM 2 11.55 HT 16.49 32.25 7.74 72.00 49.28 
5 12.05 HT 16.57 32.14 7.74 75.20 49.4 
MM 1 12.15 HT 16.69 32.03 7.77 74.30 48.9 
UM 2 12.30 RT 16.43 32.11 7.77 75.90 49.06 
4 12.40 RT 16.85 31.68 7.8 77.80 48.4 
UM 1 12.50 RT 16.98 31.53 7.82 78.80 48.13 
SM 2 12.55 RT 17.26 31.03 7.85 81.50 47.67 
3 13.10 RT 17.21 31.1 7.84 78.80 47.63 
SM 1 13.20 RT 17.48 30.73 7.86 80.80 47.27 
2 13.40 RT 17.77 30.06 7.97 89.20 46.21 
FB 2 13.45 RT 17.79 30.07 7.99 91.20 46.2 
FB 1 13.50 RT 17.91 29.81 7.99 91.19 45.09 
1 14.00 RT 17.96 29.47 7.96 90.70 45.23 
C1 10.15 AHT 16.41 27  - 69.40  - 
C2 14.53 RT 16.1 33.33 7.94 82.70 50.68 
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Table A14.2: Estuary parameters October 2015  
HT= High tide, AHT = Approaching High tide, RT = Receding tide 
October 2015 - Hamble - high tide 1.00 
Site Time State of tide Salinity Temperature °C pH DO % Conductivity 
10 11.16 AHT 32.15 14.33 7.58 71 49.6 
9 11.25 AHT 32.12 14.31 7.6 72.2 49.4 
PM 2 11.30 AHT 32.17 14.29 7.6 73.2 49.23 
8 11.40 AHT 32.39 14.3 7.61 72.8 49.51 
7 11.45 AHT 32.42 14.35 7.65 71.7 49.55 
PM 1 11.50 AHT 32.72 14.21 7.6 71.2 49.29 
6 11.55 AHT 32.23 14.22 7.63 72.2 49.31 
MM 2 12.05 AHT 30.96 14 7.66 79.6 47.6 
5 12.12 AHT 31.69 14.08 7.63 71.5 48.55 
MM 1 12.17 AHT 31.72 14.11 7.63 73.5 48.39 
UM 2 12.24 AHT 31.8 14.11 7.63 73.3 48.22 
4 12.30 AHT 30.86 13.92 7.63 70.5 47.28 
UM 1 12.40 HT 30.28 13.91 7.64 71.1 46.6 
SM 2 12.57 HT 29.84 13.86 7.62 68.9 46.13 
3 12.53 HT 29.86 13.92 7.6 73.2 46.04 
SM 1 13.00 HT 29.54 13.83 7.59 72.2 45.56 
2 14.25 RT 28.79 13.82 7.7 92.3 44.54 
FB 2 14.35 RT 28.48 13.81 7.62 70.9 44.41 
FB 1 14.40 RT 28.32 13.81 7.6 68.4 43.89 
1 14.44 RT 27.65 13.8 7.58 67.1 42.95 
C1 11.00 AHT 32.19 14.36 7.42 69.5 50.84 
C2 10.36 AHT 33.37 14.58 6.12 68.5 49.21 
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Table A14.3: Estuary parameters January 2016 
January 2016 - Hamble - high tide 12.36 
Site Time State tide  Temperature °C Salinity  pH probe pH lab DO  % Conductivity 
10 11.20 AHT 8.87 28.27 7.6 8.13 106.7 44.30 
9 11.28 AHT 8.96 28.67 7.61 8.30 86.8 44.28 
8 11.36 AHT 8.90 28.76 7.58 8.17 76.5 44.86 
PM 2 11.44 AHT 8.96 28.55 7.59 8.05 76.6 44.60 
7 11.50 AHT 9.00 28.83 7.59 8.30 75.3 44.87 
PM 1 11.54 AHT 8.84 28.67 7.57 8.10 93 44.70 
6 12.01 AHT 8.82 28.21 7.58 8.18 74.3 44.08 
MM 2 12.06 AHT 8.51 26.00 7.57 8.25 76.1 41.84 
5 12.12 AHT 8.70 27.26 7.55 8.15 74.6 42.67 
MM 1 12.18 AHT 8.75 27.73 7.56 8.22 76.8 43.41 
UM 2 12.25 HT 8.53 26.46 7.56 8.29 75.1 41.61 
4 12.31 HT 8.31 24.90 7.65 8.09 - 39.00 
UM 1 12.40 HT 7.82 18.74 7.55 8.08 - 30.35 
SM 2 12.49 HT 7.88 21.80 7.49 8.00 77.6 33.64 
3 12.55 HT 7.97 20.50 7.47 8.03 73.6 33.12 
SM 1 13.00 RT/HT 7.95 20.13 7.5 8.30 71.6 32.90 
2 13.06 RT/HT 7.87 19.10 7.87 8.03 70.5 31.00 
2a 13.21 AHT 6.33 20.27 - 8.13 - 33.65 
FB 2 13.57 AHT 6.58 19.97 - 7.77 90.9 32.47 
FB 1 13.30 AHT 6.53 20.67 - 8.17 80.5 33.35 
1 13.30 AHT 6.50 20.51 - 8.19 - 33.40 
C1 10.34 AHT 8.81 28.21 6.91 8.32 68.7 44.07 
C2 10.58 AHT 9.23 32.06 7.34 8.01 125.6 49.42 
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Table 14.4: Estuary parameters May 2016 
May 2016 - Hamble - high tide 1.30 
Site Time State of tide  Temperature °C  Salinity  pH probe pH lab DO % Conductivity 
1a 1.58 HT 15.48 28.47 8.09 8.89 123.6 44.07 
1 1.48 HT 15.8 28.82 8.07 8.89 122.9 44.4 
FB1 1.39 HT 15.56 29.03 8 8.85 110 45.6 
FB2 1.32 HT 15.05 29.41 8.01 8.85 107.3 45.53 
2 1.25 HT 14.68 30.24 7.99 8.87 110.9 46.54 
SM1 1.17 HT 14.77 30.11 7.99 8.88 109.2 46.4 
SM2 1.10 AHT 15.22 29.26 8.02 8.89 112.6 45.24 
3 1.00 AHT 13.14 31.25 7.93 8.89 101.6 47.93 
UM1 12.53 AHT 14.06 31.14 7.94 8.8 103.4 47.84 
4 12.46 AHT 13.62 31.51 7.9 - 103.4 48.33 
UM2 12.39 AHT 13.84 31.5 7.87 8.74 100.6 48.31 
MM1 12.28 AHT 14.18 30.91 7.89 8.83 98.9 47.53 
5 12.18 AHT 13.76 31.46 7.87 8.77 97.5 48.18 
MM2 12.10 AHT 13.83 31.32 7.85 8.75 98.2 48.07 
6 11.58 AHT 13.83 31.74 7.85 8.74 99.6 48.06 
PM1 11.49 AHT 14.06 31.17 7.83 8.73 92.5 47.85 
7 11.40 AHT 13.64 31.45 7.76 8.76 89.1 48.24 
PM2 11.33 AHT 13.9 31.25 7.76 8.76 88.5 47.98 
8 11.26 AHT 13.72 31.42 7.73 - 93.7 48.1 
9 11.13 AHT 13.88 31.6 7.53 8.73  - 48.06 
10 15.05 RT 13.48 32.15 8.11 8.67  - 49.13 
C1 15.20 RT 13.33 31.73 7.98 8.74 102.1 48.44 
C2 15.35 RT 13.02 32.69 8.02 8.54 101.4 49.96 
 
Table A14.5: Estuary parameters August 2016 
August 2016 - Hamble upstream - High tide 12.22 
Site Time State of tide  Temperature °C  Salinity  pH probe pH lab DO % Conductivity 
10 10.55 AHT 20.2 32.35 7.55 7.73  - 49.37 
5 11.13 AHT 20.15 32.49 7.51 7.8  - 49.57 
3 11.23 AHT 21.16 30.54 7.57 7.78  - 46.9 
1A 11.40 AHT 21.37 30 7.79 7.8  - 46.17 
1B 11.51 AHT 21.49 29.41 7.84 7.77  - 45.37 
1C 12.07 HT 21.52 27.82 7.85 7.85  - 43.14 
1D 12.15 HT 21.32 23.95 7.8 7.81  - 37.83 
1E 12.44 HT 21.35 23.3 7.8 7.75  - 37.1 
1F 12.55 HT 19.49 12.4 7.77 7.81  - 20.48 
1G 12.25 HT 20.85 19.23 7.74 7.81  - 31.77 
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Table A14.6: Estuary parameters July 2016 
July 2016 - Hamble 
Site Salinity Temperature °C Conductivity pH lab 
H1 32.01 19.96 49.08 7.85 
B1H 5.44 17.8 9.6 7.96 
B1L 3.54 17.34 6.64 7.83 
B2 16.2 20.53 26.95 7.81 
FR1 0.19 15.6 0.401 7.8 
FR2 0.33 14.6 0.68 8.33 
 
 
Table A14.7: Estuary parameters Test and Itchen November 2016 
November 2016 - Test and Itchen - High tide 12-14.00 
Sample site Time State of tide Salinity  Temperature  Conductivity  pH lab 
I1 - Ocean village 10.30 AHT 30.39 13.4 46.79 7.73 
I2 - Itchen Bridge  10.50 AHT 32.1 13.65 49.12 7.81 
I3 - Ocean Quay 11.25 AHT 31.88 13.61 48.84 7.79 
I4 - Northam Bridge  11.50 AHT 25.41 13.02 39.79 7.79 
I5- Park  12.30 HT 18.81 12.5 29.29 8.12 
T1 - Mayflower park  14.40 RT 31.34 13.65 48.03 7.78 
T2 - Port 14.06 RT 31 13.67 47.39 7.8 
C1 15.33 RT 32.81 13.53 56.07 7.8 
 
pH and DO probe not working so no results were obtained, pH was obtained in the 
laboratory only  
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Appendix 15 – Sediment characteristics  
The characteristics of sediment samples were noted when they were collected.  
Table A15.1: Hamble sediment characteristics  
Site Sediment characteristics  
C1  Sediments tended to be silty/sandy in nature with some shells 
C2 Predominantly sandy in nature, shells present 
10 Silty/sandy some larger stones, shells present 
9 Silty/sandy some larger stones, shells present 
8 Silty/sandy some larger stones, shells present 
PM2 Silty/clay/sandy  
7 Silty/clay/sandy 
PM1 Silty/clay/sandy 
6 Silty/clay/sandy 
MM2 Predominately clay/silt with larger organic content 
5 Predominately clay/silt with larger organic content 
MM1 Predominately clay/silt with larger organic content 
UM2 Predominately clay/silt with larger organic content 
4 Clay/silt in nature  
UM1 Clay/silt in nature 
SM2 Clay/silt in nature, with some larger stones 
3 Clay/silt in nature, with some larger stones 
SM1 Clay/silt/sandy in nature, with some larger stones 
2 
Sandy/clay in nature, predominately larger particles, shells present in large 
numbers 
FB2 Predominately shells, stones, sand and silts, mainly large particles  
FB1 Predominately shells, stones, sand and silts, mainly large particles 
1 Silty/clay in nature  
1A Sandy/silty/clay in nature 
1B Clay/silt/ sandy in nature 
1C Clay/silt/ sandy in nature 
1D Clay/silt/ sandy in nature 
1E Clay/silt/ sandy in nature 
1F Tended to be larger particles and less silt 
1G Tended to be larger particles and less silt 
B1 Collected bank side, silty/clay, high organic content  
FR1 Large stones and sand, riverine sample 
FR2 Large stones and sand, riverine sample 
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Appendix 16 – Metal sediment concentrations  
Full zinc and copper results can be found in the tables below, the results and discussion 
section in volume one outline details of these results. On the pages following these results 
are discussion sections and results for the following elements, lead, iron, arsenic, cadmium, 
chromium, barium, aluminium, manganese, tin and nickel. 
Table A16.1: Upstream sampling sites copper and zinc levels 
 Zinc µg/g Copper µg/g 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
1A 101 1 72 6 25.74 9.39 16.78 3.96 
1B 53 10 47 2 16.66 1.87 6.48 0.39 
1C 85 85 74 2 33.39 1.13 14.42 0.71 
1D 181 14 127 15 56.59 6.12 33.97 7.70 
1E 50 4 32 2 18.97 0.37 4.76 0.19 
1F 164 13 130 21 40.18 7.00 26.46 2.83 
1G 146 3 115 4 35.25 5.60 28.23 2.87 
B1 75 2 68 12 20.61 0.58 16.05 2.56 
FR1 55 10 30 5 - - 1.92 0.66 
FR2 29 1 32 11 12.15 2.86 8.29 9.33 
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Table A16.2: Zinc sediment full dataset
 Zinc µg/g 
 
Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 57 3 35 4 34 6 22 2 84 8 56 1 - - - - 37 17 38 17 
C1 110 9 83 2 108 4 82 2 21 7 11 3 98 5 90 3 100 11 67 37 
10 106 0 67 13 93 2 118 22 106 1 49 8 163 16 80 16 117 29 79 29 
9 312 59 309 130 129 11 94 4 139 9 149 69 70 8 59 4 162 99 153 111 
PM 2 137 2 119 5 151 3 135 4 112 26 117 1 131 1 126 6 134 15 124 8 
8 141 5 93 8 158 5 187 11 161 6 135 20 132 1 120 2 215 79 134 40 
7 155 7 132 1 159 18 146 27 164 12 168 20 163 8 120 4 160 10 142 21 
PM 1 215 79 188 16 169 13 195 14 129 0 114 2 137 0 111 4 147 17 152 46 
6 166 7 549 662 164 7 187 50 170 6 126 11 172 3 195 55 168 6 264 192 
MM 2 153 5 161 26 166 3 191 10 163 3 154 4 164 0 144 2 162 7 163 20 
5 152 5 127 3 156 2 170 7 156 1 130 9 175 39 129 14 160 18 139 21 
MM 1 165 1 147 3 167 2 123 3 174 9 148 4 172 14 147 15 170 7 141 12 
UM 2 109 2 120 1 184 1 156 4 173 4 137 2 162 7 112 10 179 35 131 20 
4 192 5 110 10 223 15 140 3 153 7 123 15 147 24 152 7 130 40 131 19 
UM 1 124 8 68 15 148 2 61 11 180 5 129 3 84 16 127 19 161 24 96 37 
SM 2 162 16 101 11 207 14 139 25 221 11 172 5 207 11 185 6 199 25 149 38 
3 175 3 141 8 185 6 117 42 209 15 193 31 147 2 98 18 179 24 137 41 
SM 1 193 3 165 5 215 3 165 5 197 6 136 14 226 10 191 4 193 3 164 22 
2 139 17 168 41 254 8 112 17 195 32 110 21 117 2 92 3 176 58 121 33 
FB 2 215 90 98 5 348 5 81 12 - - - - 128 1 108 25 230 107 96 14 
FB 1 227 17 304 20 175 47 246 90 - - - - 153 13 103 8 185 41 218 103 
1 180 16 164 7 76 0 73 4 - - - - 171 22 122 16 142 53 120 46 
1A - - - - - - - - - - - - 115 48 116 13 108 10 94 31 
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Table A16.3: Copper full dataset 
 Copper µg/g 
 
Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 23.99 2.16 10.94 1.47 15.38 0.43 5.15 0.25 - -  16.31 0.38 - -  - -  15.38 0.43 10.80 5.58 
C1 38.41 2.28 22.64 0.45 35.98 3.79 27.63 0.92 28.58 2.24 2.81 2.40 25.72 8.41 25.69 1.18 35.98 3.79 19.69 11.44 
10 47.61 1.07 16.34 1.90 42.99 2.13 41.20 6.69 45.64 1.15 17.11 4.07 28.17 6.94 18.34 2.83 42.99 2.13 23.25 12.00 
9 54.04 7.59 35.66 21.51 74.47 7.87 53.55 6.24 30.74 1.32 24.23 1.09 30.54 5.85 23.12 3.87 74.47 7.87 34.14 14.13 
PM 2 59.00 4.32 53.19 0.51 73.47 1.11 67.05 1.89 65.10 1.07 59.36 0.63 52.69 2.37 47.45 0.55 73.47 1.11 56.76 8.41 
8 54.15 0.06 43.93 29.76 71.63 2.88 95.30 5.69 46.57 3.63 28.72 3.07 48.79 10.27 39.04 4.34 71.63 2.88 51.75 29.72 
7 73.99 1.85 67.78 2.91 59.00 3.59 52.33 5.45 63.81 2.74 53.50 8.46 74.45 18.12 48.11 1.85 59.00 3.59 55.43 8.55 
PM 1 63.64 3.07 36.06 7.37 72.63 5.87 95.88 20.96 58.29 4.19 46.24 3.60 52.72 1.87 42.28 2.06 72.63 5.87 55.11 27.50 
6 64.87 3.59 55.92 20.17 71.39 1.48 46.86 1.54 72.16 6.63 65.91 11.92 51.17 5.42 48.49 0.92 71.39 1.48 54.30 8.69 
MM 2 74.48 4.55 60.59 5.43 75.66 0.89 106.12 6.75 80.94 4.31 71.82 11.94 59.81 7.05 64.45 2.61 75.66 0.89 75.74 20.78 
5 66.22 1.15 34.26 15.45 62.65 8.03 74.25 4.27 71.54 1.20 57.41 2.52 51.57 12.54 69.66 9.53 62.65 8.03 58.89 17.90 
MM 1 68.90 1.75 66.38 3.30 76.31 7.01 73.61 3.42 69.63 2.48 69.86 2.54 73.22 11.38 51.12 26.49 76.31 7.01 65.24 9.87 
UM 2 75.30 4.68 59.20 0.85 79.33 0.57 66.55 4.19 73.38 2.35 77.09 3.59 65.52 4.92 51.88 7.76 79.33 0.57 63.68 10.76 
4 43.26 2.62 41.88 4.25 86.84 3.92 71.74 3.70 58.16 5.72 46.94 3.47 57.89 5.76 46.90 4.99 86.84 3.92 51.87 13.46 
UM 1 65.95 1.60 20.34 15.34 39.45 5.96 10.45 2.44 86.89 2.95 75.35 6.40 39.37 6.24 30.81 1.38 39.45 5.96 34.23 28.64 
SM 2 67.01 2.82 42.14 0.95 95.94 1.23 65.71 39.98 110.59 6.32 89.81 31.27 100.97 4.36 90.61 2.67 95.94 1.23 72.07 23.06 
3 71.07 3.14 59.55 4.78 88.37 5.03 53.85 36.56 100.28 5.85 112.10 28.53 50.54 3.72 43.93 12.59 88.37 5.03 67.36 30.52 
SM 1 89.40 5.31 75.47 0.82 96.99 6.87 97.73 2.20 90.01 7.96 58.02 3.31 95.09 3.01 85.46 12.80 96.99 6.87 79.17 16.78 
2 35.84 0.18 24.25 5.83 56.46 8.76 18.66 2.57 23.40 6.50 12.20 3.89 30.79 5.29 14.99 1.66 56.46 8.76 17.53 5.21 
FB 2 55.60 11.41 31.73 4.83 38.52 2.11 18.51 0.94 - -  -  - 28.78 4.62 18.05 2.75 38.52 2.11 22.76 7.77 
FB 1 71.59 40.22 99.57 77.17 26.00 5.90 26.71 22.80 -  - -  - 28.05 10.18 15.67 2.52 26.00 5.90 47.32 45.59 
1 48.30 0.07 18.39 2.14 21.18 0.78 19.90 2.22 -  - -  - 65.61 3.97 39.60 22.77 21.18 0.78 25.96 11.84 
1A  -  -  -  -  -  - -  -  -   -  - -  19.10 5.24 13.98 0.48 25.74 9.39 16.78 3.96 
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Sediment lead concentrations 
Lead concentrations on the Hamble tended to vary significantly site by site and seasonally. 
The highest lead concentrations tended to be observed in June and October 2015. Lead 
generally exceeded the threshold effect level (30.2µg/g) and at a number of sites the 
probable effect (112µg/g) level of the Canadian standard (CCME, 2002). Lead was not 
present in the CRM used within this study so results cannot be compared to this. 
The ICP-OES and XRF analysis methods showed less variation for lead with lead being 
similar at the majority of sites, both methods however had highest concentrations at certain 
sites. The biggest variations occurred in January 2016 and June 2015 at site 9 where the 
ICP-OES results was excessively higher than the XRF result (XRF 150µg/g and ICP-OES 
415µg/g), in June 2015 high lead concentrations were observed on both methods with XRF 
results of 1430µg/g and ICP-OES of 2039µg/g, in May and October lead concentrations 
only just exceeded the threshold effect level, whilst June and January were significantly 
above the standard. The high levels observed in June and January suggest a localised zinc 
source to the estuary. This could in part be due the former smelting works which was 
located at Warsash, with slag and waste dumped on the foreshore (Wright et al., 2016). 
This site is also likely to have influenced copper and zinc levels within its vicinity and the 
Cross tidal water study at Warsash. This suggests localised sources and former industrial 
activity can be a major contamination source to an estuary. On average, values at only 
three sites exceeded the probable effect level, site 9 and site FB1 on both methods and site 
8 on the ICP-OES (Figure A16.1).  
In the upper Hamble estuary, lead tended to be below or just above the threshold effect 
level (Figure 7.58). XRF analysis was higher than ICP-OES at all sites except for 1A. The 
two freshwater samples were both below the threshold effect level.  
Lead concentrations on other estuaries tended to vary as much as those on the Hamble and 
were generally similar to those observed on the Hamble. The Hamble did seem to have 
lead levels towards the higher range of estuaries (Tables A16.4 and 16.5). The lead range 
observed on the Blackwater estuary of 34-7377µg/g by Rees (2013) was relatively similar 
to levels on the Hamble, this study suggested abandoned vessels and marine structures 
contributed to these lead levels from historic paints on vessels. This could be a minor 
source of lead to the Hamble also, site FB1 which showed high lead levels did have a 
number of abandoned vessels similar to those in the study by Rees (2013), which suggests 
they could be a localised zinc source to this site. Other sites on the Blackwater away from 
abandoned vessels did tend to have lower lead concentrations with average values of 
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39µg/g and 42µg/g observed by Emmerson et al., (1997) at two sites. A Hamble average 
from Bryan and Langston (1992) of 56µg/g is lower than lead levels observed within this 
study on the Hamble with an XRF average of 69µg/g and an ICP-OES average of 75µg/g. 
The Medway estuary had similar lead concentrations to those on the Hamble with an 
average of 79µg/g (Spencer and MacLeod, 2002).  
A study by Marcos et al., (2011) also compared lead concentrations using XRF and ICP-
OES analysis methods and found lead was lower by a ratio of 1:3, this was however 
accounted to the digestion method which was used and not the equipment. Lead levels 
within this study were generally comparable on both methods, as studies by Sahraoui and 
Hachichas, (2016) and Maliki et al., (2017) also found. Wu et al., (2012) also found 
comparable results with XRF analysis and ICP-AES analysis and concluded the XRF was 
reliable for analysis of lead levels within sediments and soils. This therefore suggests 
variation can be seen within analysis methods depending on the study and methods used 
within the study.  
 
Figure A16.1: Lead sediment concentration Hamble average, most sites between effect 
levels, three sites exceed probable effect. XRF and ICP-OEs generally show similar 
concentrations 
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Table A16.4: Lead full results  
 Lead µg/g 
 
Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 22.41 0.13 19.01 3.79 16.48 0.69 10.49 1.67 6.88 1.07 20.67 0.50 - - - - 
C1 38.51 0.81 34.37 1.95 38.39 3.92 30.87 1.41 29.55 2.84 3.98 0.89 35.44 3.03 36.99 0.59 
10 27.54 1.87 18.17 2.60 33.23 1.15 33.23 4.02 26.47 3.01 15.26 0.34 67.37 13.55 31.37 9.91 
9 1429.825 278 2039.12 461.67 34.37 1.52 28.26 2.10 150.48 75.09 414.84 502.41 30.68 11.33 37.03 11.21 
PM 2 53.18 0.61 48.47 4.60 53.20 1.61 48.25 2.17 44.5 4.89 35.83 2.10 42.91 1.98 47.21 4.53 
8 50.73 2.1 31.64 6.79 46.65 3.07 54.13 2.14 44.39 5.47 74.12 36.57 37.11 6.31 55.34 7.70 
7 47.35 2.93 47.37 4.98 57.74 10.95 39.48 3.66 49.38 3.99 69.98 23.33 58.82 6.05 73.54 15.55 
PM 1 174.46 1.42 106.34 20.66 118.30 0.46 79.09 11.64 67.61 16.91 39.74 2.98 41.59 0.64 44.26 5.56 
6 61.65 11.43 36.94 16.43 184.84 131.65 102.41 111.54 48.47 1.17 35.94 1.99 74.14 7.01 75.91 15.39 
MM 2 51.82 1.26 45.59 5.01 47.88 0.54 59.10 3.58 48.93 1.56 43.29 4.84 45.31 0.83 51.51 3.13 
5 50.115 1.2 11.35 11.69 47.67 0.69 48.12 0.40 40.01 2.17 34.54 3.05 84.81 20.51 37.26 8.05 
MM 1 52.97 1.85 54.47 0.91 46.80 0.45 43.19 1.86 53.11 2.59 47.34 0.47 54.35 5.33 25.74 21.87 
UM 2 42.49 0.5 45.26 3.15 50.35 2.04 48.85 4.44 50.35 2.58 41.80 3.20 46.34 0.45 35.87 6.39 
4 51.23 3.95 37.98 3.34 54.65 7.47 60.62 16.17 48.93 1.56 38.85 5.16 38.43 0.7 38.07 4.04 
UM 1 32.13 2.84 8.68 15.47 16.79 2.68 10.70 1.87 46.36 2.93 34.54 2.83 27.04 2.38 36.04 8.02 
SM 2 55.49 1.01 189.52 141.00 70.27 2.77 41.02 11.02 58.96 1.59 54.12 1.40 50.73 3.19 53.02 6.71 
3 50.21 4.2 51.04 9.83 60.36 2.93 42.43 14.25 59.57 1.61 48.75 8.57 38.83 2 33.66 9.93 
SM 1 55.47 4.27 53.75 1.78 63.96 13.30 50.72 5.87 56.99 9.24 42.62 3.03 60.46 2.14 47.10 13.91 
2 16.28 2.07 236.78 34.08 121.12 56.76 63.23 31.61 18.06 4 15.00 2.99 14.62 0.36 15.18 3.13 
FB 2 50.69 13.99 20.20 2.93 14.25 0.28 12.02 2.47 - - - - 35.6 4.36 22.13 7.75 
FB 1 498.97 44.51 549.44 56.74 65.15 14.95 76.73 10.26 - - - - 34.82 19.18 14.30 4.24 
1 67.04 3.44 24.32 4.73 21.29 1.58 33.04 7.13 - - - - 47.86 4.71 36.22 8.44 
1A - - - - - - - - - - - - 24.09 6.17 25.75 1.07 
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Table A16.5: Lead full results upstream samples  
Lead µg/g 
Site XRF Sd ICP-OES Sd 
1A 42.99 6.62 76.24 98.49 
1B 11.84 0.59 11.83 0.95 
1C 22.03 0.3 24.21 2.59 
1D 43.32 4.96 30.82 2.59 
1E 16.39 1.38 9.67 0.73 
1F 67.6 6.19 59.06 9.11 
1G 32.77 0.57 24.60 0.67 
B1 28.47 0.34 26.32 2.62 
FR1 21.45 1.37 1.97 2.98 
FR2 26.06 25.04 19.20 17.66 
 
Sediment arsenic concentrations 
Arsenic concentrations on the Hamble were generally between the threshold effect level 
(7.24µg/g) and the probable effect levels (41.6µg/g) (CCME, 2002). The probable effect 
level was exceeded at site FB1 on XRF analysis (55.41µg/g) in June 2015. Arsenic 
historically has been present in some marine paints in small amounts which could 
contribute to the levels present (Yebra et al., 2004; Rees et al., 2014; Turner et al., 2015). 
XRF analysis was generally higher for arsenic. There were some sites which showed 
higher concentrations on ICP-OES analysis therefore suggesting the two analysis methods 
are generally comparable for arsenic as they are within a similar range to one another.  
Arsenic concentrations within the upper estuary tended to be lower than those observed in 
the lower and middle estuary, which suggests a possible arsenic source within this section 
of the estuary. This further suggests vessels could be a source as levels are higher in areas 
of greater boat density. The arsenic levels in the upper estuary tended to be just above or 
below the threshold effect level. The two freshwater sites (FR1 and FR2) were below the 
threshold effect level for arsenic. XRF analysis was slightly higher for the upstream 
samples compared to the ICP-OES.  
Arsenic analysis was carried out on samples on the Test and Itchen as a comparison to the 
Hamble. Arsenic levels at the sites analysed on the Test and Itchen were between the 
threshold and probable effect levels. Site I4 located near to a scrap yard was not elevated 
for arsenic like other metals, which suggests the scrap yard is not an arsenic source to the 
Itchen (Figure A16.2 and Tables A16.6 and A16.7). XRF analysis had higher 
concentrations for all sites like the results observed in the Hamble upstream samples and 
most sites within the main estuary. Arsenic concentrations in sediments data collected on 
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the Test by the Environment Agency was similar to levels observed in this study (13µg/g) 
(EA data 2000-2016) (Table 3.9).  The levels collected at a number of sites within the 
Solent tended to be higher at 26µg/g than those observed within the Test, but similar to 
those observed within the Hamble (EA data, 2000-2016).  
Estuaries such as the Humber (11-47µg/g) and Helford (average 23µg/g) showed similar 
arsenic concentrations to the Hamble (Bryan et al., 1980; Cave et al., 2005). Whilst some 
estuaries had arsenic concentrations higher than those observed on the Hamble, such as the 
Lynher in Devon (115µg/g) (Bryan et al., 1980) in a former mining area and the Orwell 
(80-147µg/g) (Rees, 2013).   
A study by Marcos et al., (2011) found similar arsenic levels on XRF and ICP-OES 
analysis. Within this study, XRF arsenic was higher on some samples and ICP-OES on 
others, but generally they were similar to one another. A study by Congiu et al., (2013) 
also found XRF and ICP-OES results for arsenic where comparable with one another. This 
therefore suggests arsenic results are comparable between the two analysis methods.  
 
Figure A16.2: Arsenic sediment concentration Hamble average 
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Table A16.6: Arsenic full results  
 Arsenic µg/g 
 
Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 11.77 0.64 8.45 2.83 8.29 0.77 7.40 0.79 3.55 0.04 9.29 0.29 - - - - 7.87 4.13 8.38 0.94 
C1 26.98 2.31 20.78 1.42 25.01 0.81 18.76 1.97 12.4 2.4 2.79 0.47 18.64 0.4 11.82 0.66 20.76 6.61 13.54 8.13 
10 15.46 0.91 6.97 6.02 21.97 5.07 20.47 3.75 17.41 0.09 9.61 3.61 20.04 7.32 2.03 0.83 18.72 2.87 9.77 7.80 
9   2.87 0.82 18.67 0.79 14.51 1.32 24.47 0.29 16.57 1.39 17.92 1.6 16.38 2.09 20.35 3.58 12.58 6.54 
PM 2 18.41 3.73 20.36 1.52 19.53 1.13 15.94 1.68 19.02 2.69 14.74 0.85 21.45 0.42 14.81 1.44 19.60 1.31 16.46 2.66 
8 31.07 0.36 8.17 7.42 15.54 0.57 18.64 0.70 19.53 2.2 30.23 3.00 17.18 0.45 16.51 0.98 20.83 7.02 18.39 9.09 
7 23.34 2.8 19.83 0.63 15.35 2.16 11.96 2.49 21.02 1.79 15.89 3.96 20.77 2.28 2.25 5.76 20.12 3.38 12.48 7.54 
PM 1 14.96 8.78 0.84 1.03 20.92 3.63 41.17 7.72 18.63 3.81 15.77 0.96 23.4 1.65 19.44 6.32 19.48 3.59 19.31 16.65 
6 26.5 3.08 1.78 9.52 28.73 22.3 27.32 1.66 23.93 1.69 15.11 1.38 24.49 0.87 2.93 1.66 25.91 2.18 11.78 11.98 
MM 2 18.58 1.47 13.21 6.66 20.04 0.01 22.93 0.26 19.77 0.08 20.80 7.71 19.81 0.39 9.99 5.27 19.55 0.66 16.74 6.13 
5 19.59 0.25 0.79 0.91 14.38 0.25 19.85 1.78 20.5 1.02 17.29 2.65 12.87 7.05 4.49 7.62 16.84 3.78 10.60 9.38 
MM 1 22.15 3.15 20.08 2.60 21.55 0.69 15.26 0.96 20.99 3.34 17.50 0.22 21.25 3.53 5.42 7.13 21.49 0.50 14.56 6.41 
UM 2 20.45 0.23 17.74 2.04 18.68 1.34 13.54 6.04 19.36 0.64 17.81 1.81 17.35 1.35 9.75 7.48 18.96 1.30 14.71 3.87 
4 20.18 0.97 14.18 1.50 15.73 4.29 15.57 0.59 14.26 0.45 10.44 2.34 20.46 1.73 4.51 8.25 17.66 3.13 11.17 4.94 
UM 1 14.16 0.7 10.68 5.23 15.99 2.11 11.26 1.27 17.04 0.62 11.92 1.92 12.61 1.52 12.92 1.86 14.95 1.96 11.70 0.96 
SM 2 15.19 0.66 9.65 1.10 20.58 1.97 11.09 4.69 21.07 0.43 13.56 0.81 17.37 0.76 9.01 7.00 18.55 2.78 10.83 2.02 
3 16.99 1.27 15.08 0.61 17.83 0.59 11.55 4.66 19.43 2.38 11.14 1.14 18.4 2.51 10.99 3.83 18.16 1.02 12.19 1.94 
SM 1 19.47 3.87 15.53 1.12 21.08 0.76 14.13 2.41 22.13 0.36 15.37 4.54 24.51 0.81 10.16 9.26 21.80 2.11 13.80 2.50 
2 24.92 3.2 15.44 2.36 29.06 2.78 11.33 3.27 17.38 0.07 14.31 3.08 6.74 0.28 8.86 0.72 19.53 9.80 12.49 2.98 
FB 2 9.4 0.91 6.76 6.14 8.71 0.32 7.18 1.03 - - - - 9.18 0.45 - - 9.10 0.35 4.74 3.86 
FB 1 55.41 6.29 19.85 1.48 12.01 0.91 5.35 5.30 - - - - 12.89 0.22 3.58 1.74 26.77 24.81 9.59 8.92 
1 38.39 4.46 33.17 1.56 7.11 2.33 7.74 1.93 - - - - 16.04 3.73 12.50 8.69 20.51 16.11 17.80 13.52 
1A - - - - - - - - - - - - 12.09 2.11 19.94 2.36 11.23 1.22 13.38 9.28 
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Table A16.7: Arsenic full dataset upstream sampling sites  
Arsenic µg/g 
Site XRF Sd ICP-OES Sd 
1A 10.37 0.74 6.82 3.02 
1B 5.65 0.49 2.79 0.12 
1C 9.83 0.54 7.99 1.58 
1D 10.73 0.95 9.93 2.25 
1E 7.6 0.5 4.76 2.01 
1F 9.11 2.37 4.29 1.64 
1G 11.04 0.03 8.08 0.50 
B1 7.31 0.08 7.61 1.12 
FR1 5.93 0.88 2.41 2.90 
FR2 5.67 1.69 4.60 6.23 
 
Sediment cadmium concentrations 
Cadmium is present in small quantities within the zinc anode alloy to control the level of 
corrosion (0.025-0.07% of total, Table 2.1) (Solent anodes, 2017), as such cadmium levels 
would be expected to be elevated in parts of the Hamble, where large boat numbers are 
present. The results observed on the Hamble for cadmium were however mixed, with many 
sites not having cadmium present at all, with many reporting levels below the threshold 
effect level (0.7µg/g) and some above the probable effect level (4.2µg/g). Cadmium was 
present in higher levels within SPM samples than the sediment samples. 
In June 2015, cadmium was present at seven sites using ICP-OES analysis with 
concentrations below the threshold effect level (0.01-0.37µg/g). On the XRF cadmium was 
present at site UM1 only (11.98µg/g) and this site exceed the probable effect level (Table 
A16.8 and A16.9). Cadmium was not present at any sites in October 2015 and January 
2016. In May 2016 cadmium was present at four sites using ICP-OES (0.02-0.21µg/g) 
analysis all below the threshold effect levels and 16 sites using the XRF (10.88-18.73µg/g) 
which all exceeded the probable effect level. Upstream in the Hamble estuary, cadmium 
was below the limit of detection at all sites on XRF and ICP-OES analysis methods. On the 
Test and Itchen a similar pattern was observed, with two sites on the XRF having cadmium 
present exceeding the probable effect level and on the ICP-OES one site having cadmium 
below the threshold effect level. This therefore shows the variable and mixed results 
obtained for cadmium and this suggests that cadmium from anodes does not contaminate 
sediments as it was below the limit of detection at many sites. It is possible that most of the 
cadmium released from anodes is present within the SPM, which tended to have slightly 
higher levels. It also suggests XRF analysis for cadmium gives variable results, when 
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compared to ICP-OES results. Cadmium had slightly low retrieval rates on both CRMs 
used and this is partly due to the moisture content of the CRM and the digestion method 
used not always digesting all cadmium content from a sediment (Ščanča et al., 2000). This 
could therefore also explain the difference between cadmium concentrations observed on 
the XRF and ICP-OES.  
XRF analysis for cadmium was higher within this study when compared to ICP-OES 
analysis, a study by Congiu et al., (2013) however found results between the two methods 
to be comparable.  A study by Sahraoui and Hachichas, (2016) had results similar to this 
study with higher cadmium results on XRF analysis, with an XRF range of 18-219µg/g and 
an ICP-OES of 13-39µg/g, samples were collected in a mining region in Tunisia hence 
concentrations higher than those on the Hamble. A study by Kilbride et al., (2006) 
determined that XRF analysis methods overestimated cadmium at low concentrations and 
underestimated at high concentrations, which could explain the mix of results found within 
this study for cadmium. Whilst Wu et al., (2012) found poor correlation between XRF and 
ICP-AES analysis for cadmium concluding that XRF analysis was not accurate for 
cadmium analysis. This therefore shows the range of results obtained for cadmium 
between analysis methods, which suggests cadmium might not be comparable between 
methods. Further work would be needed to determine this however. In October 2015 
cadmium was below limit of detection on both sampling methods (Table A16.8). 
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Table A16.8: Cadmium full results 
 Cadmium µg/g 
 
Sediment June 2015 Sediment January 2016 Sediment May 2016 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 - - 0.05 0.04 3.55 0.04 - - - - - - 
C1 - - - - 12.4 2.4 - - 12.54 0.22 - - 
10 - - 0.01 0.05 17.41 0.09 - - 15.94 - - - 
9 - - 0.37 0.57 24.47 0.29 - - 10.94 - - - 
PM 2 - - - - 19.02 2.69 - - - - - - 
8 - - 0.03 0.04 19.53 2.2 - - 16.23 1.77 - - 
7 - - - - 21.02 1.79 - - - - - - 
PM 1 - - 0.13 0.16 18.63 3.81 - - 15.22 - - - 
6 - - - - 23.93 1.69 - - - - - - 
MM 2 - - - - 19.77 0.08 - - 15.41 - - - 
5 - - 0.10 0.06 20.5 1.02 - - 16.62 3.84 - - 
MM 1 - - - - 20.99 3.34 - - - - 0.02 0.30 
UM 2 - - - - 19.36 0.64 - - 13.01 - - - 
4 - - - - 14.26 0.45 - - 15.34 - 0.11 0.22 
UM 1 11.98 - - - 17.04 0.62 - - 18.73 0.37 - - 
SM 2 - - - - 21.07 0.43 - - 15.9 0.42 - - 
3 - - - - 19.43 2.38 - - - - - - 
SM 1 - - - - 22.13 0.36 - - - - - - 
2 - - - - 17.38 0.07 - - 16.65 - 0.06 0.07 
FB 2 - - - - - - - - - - - - 
FB 1 - - 0.01 0.05 - - - - 15.58 2.47 0.21 0.00 
1 - - - - - - - - 10.88 0.65 - - 
1A - - - - - - - - 12.05 - - - 
 
A16.9: Cadmium full results upstream sampling sites  
Cadmium µg/g 
Site XRF Sd ICP-OES Sd 
1A 10.37 0.74 - - 
1B 5.65 0.49 - - 
1C 9.83 0.54 - - 
1D 10.73 0.95 - - 
1E 7.6 0.5 - - 
1F 9.11 2.37 0.28 0.10 
1G 11.04 0.03 - - 
B1 7.31 0.08 - - 
FR1 5.93 0.88 0.03 0.05 
FR2 5.67 1.69 - - 
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Sediment chromium concentrations 
Chromium concentrations showed a large variation between analysis methods with XRF 
results being considerably higher than those observed on the ICP-OES. A possible reason 
for this is the acid digestion of the sediments for ICP-OES analysis (Tables A16.10 and 
A16.11). It has been suggested that chromium is not digested fully by aqua regia so is still 
bound to sediment particles, so therefore the full metal level is not analysed (Ščanča et al., 
2000). The digestion rate depends on the nature of the chromium compounds present 
within the sediment (ECN, undated). This therefore suggests aqua regia is not a suitable 
medium for the analysis of chromium levels within sediments. Lower results were also 
obtained for chromium from the two sediment CRM’s used (Estuarine sediment BCR 
277R and Lake sediment BCR 280R). This again is due to the extraction method used not 
being effective for the full retrieval of chromium (Ščanča et al., 2000). 
On the Hamble chromium concentrations tended to be higher in the lower and middle 
estuary compared to the upstream sites. Lower concentrations were also observed in 
samples under the motorway bridge, this is likely due to large particles and high shell 
content of the sediment present in this region. This is due to water flow being quicker 
under the bridges and finer particles being washed away. The samples in the lower and 
middle estuary tended to be between the threshold effect level (52.3µg/g) and probable 
effect level (160µg/g) for chromium under the Canadian standards (CCME, 2002). In the 
upper estuary samples were generally below the threshold effect level. The two freshwater 
sites had varying chromium levels with FR1 (XRF 20.4µg/g) below the threshold effect 
level and FR2 (XRF 75.8µg/g) above the threshold effect level on the XRF. No samples on 
the Hamble exceeded the probable effect level and there was very little seasonal variation 
for chromium levels on the Hamble. The results observed at the two control sites C1 and 
C2 were also similar to those observed on the Hamble, as were the levels observed on the 
Test and Itchen.  
Chromium concentrations observed on the Hamble where similar to those observed on 
other estuaries such as the Humber (77µg/g) (Bryan and Langston, 1992) and the Medway 
(78µg/g). Levels observed in this study where slightly lower than those observed by Grant 
(2008) on the Hamble (50-200µg/g) with no sites within this study exceeding the probable 
effect level unlike in Grant’s, (2008) study.  
Higher chromium concentrations were observed on XRF analysis within this study, and 
this was attributed to the acid digestion method used. Other studies also found similar 
results to this study with XRF results being higher for chromium. A study by Congiu et al., 
56 
 
(2013) found that the sediment recovery with digestion was only 32% of the level that was 
detected on the XRF. This therefore shows that the results obtained within this study are 
comparable to results from other studies. This also suggests that XRF analysis is a better 
analysis method for chromium content and more accurately measures the levels present 
within the samples.  
 
Figure A16.3: Chromium sediment concentration Hamble average 
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Table A16.10: Chromium full results  
 Chromium µg/g 
 Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 72.25 50.68 14.59 2.39 83.48 2.86 8.65 1.15 83.14 - 15.61 0.61 - - - - 79.62 6.39 12.95 3.76 
C1 118.69 20.37 28.37 1.46 66.54 3.42 22.64 0.33 44.96 0.57 3.48 0.39 78.99 32.51 36.09 1.60 77.29 30.97 22.65 13.92 
10 88.99 12.72 12.57 2.32 63.90 31.28 18.62 0.75 83.14 3.71 9.00 1.51 95.67 5.12 11.64 1.20 82.92 13.68 12.96 4.06 
9 67.34 15.96 9.38 4.25 66.87 35.01 16.27 0.69 - - 10.76 1.15 66.34 33.16 23.56 3.35 66.85 0.50 14.99 6.44 
PM 2 67.89 3.87 30.52 2.27 69.70 12.72 36.30 1.07 63.37 4.36 24.36 0.76 116.83 29.32 34.41 1.89 79.45 25.07 31.40 5.27 
8 97.24 7.80 14.80 4.72 33.86 0.64 25.38 0.64 81.78 1.13 18.28 1.40 111.76 22.50 23.46 2.07 81.16 33.83 20.48 4.83 
7 67.16 9.40 31.86 0.90 81.83 41.85 20.60 3.85 81.95 38.52 22.02 0.20 102.08 44.61 34.54 1.92 83.25 14.34 27.25 6.98 
PM 1 88.14 3.01 16.82 10.27 113.13 7.52 31.68 1.04 72.64 17.95 19.58 1.54 96.07 45.02 31.71 1.94 92.49 16.85 24.95 7.87 
6 113.09 6.58 20.96 10.50 83.82 39.16 20.80 2.26 91.14 26.13 18.45 2.78 80.69 33.63 21.09 4.59 92.18 14.61 20.33 1.26 
MM 2 89.52 33.98 33.16 2.23 69.87 5.00 27.24 1.49 78.45 8.39 22.92 1.56 89.08 53.68 34.12 2.34 81.73 9.42 29.36 5.26 
5 68.73 4.94 7.66 4.39 56.92 7.38 19.97 0.46 66.55 27.27 17.85 1.51 63.76 40.77 19.17 6.38 63.99 5.13 16.16 5.74 
MM 1 111.24 50.19 38.74 2.68 97.09 47.48 24.14 0.43 66.70 5.04 27.80 0.81 118.78 0.03 20.28 16.05 98.45 23.00 27.74 7.95 
UM 2 84.32 40.11 32.06 2.43 127.42 7.09 33.55 1.54 116.90 14.32 24.26 0.65 116.61 3.92 22.78 3.52 111.31 18.68 28.16 5.43 
4 94.24 1.10 18.48 1.39 90.97 32.15 19.90 0.28 53.70 24.94 16.44 1.20 49.90 6.84 17.30 8.24 72.20 23.65 18.03 1.50 
UM 1 50.89 28.81 8.28 9.31 - - 3.76 0.19 55.70 1.35 17.70 0.81 64.32 7.31 25.14 2.91 56.97 6.81 13.72 9.57 
SM 2 67.90 28.57 18.42 1.74 69.75 4.22 21.47 5.75 122.15 2.40 23.58 5.43 85.38 44.85 32.19 1.54 86.29 25.16 23.92 5.91 
3 112.09 12.47 29.62 3.71 55.46 7.01 24.10 3.03 89.23 36.10 19.93 0.56 82.65 24.37 19.74 8.15 84.86 23.31 23.35 4.64 
SM 1 73.82 13.34 35.89 2.21 77.72 48.01 23.02 2.02 109.84 18.77 17.80 2.15 115.03 48.64 30.63 10.55 94.10 21.34 26.84 8.01 
2 88.15 0.91 26.00 3.73 - - 5.43 1.14 - - 9.71 3.86 - - 5.47 0.51 88.15 - 11.65 9.77 
FB 2 - - 10.94 5.04 - - 4.38 0.96 - - - - 39.17 5.32 7.35 1.49 39.17 - 7.56 3.28 
FB 1 84.73 26.50 13.48 0.39 37.14 3.76 7.39 5.17 - - - - - - 3.80 0.92 60.94 33.65 8.22 4.89 
1 - - 16.43 1.71 13.65 2.55 8.24 0.33 - - - - 79.77 20.12 19.99 2.81 46.71 46.75 14.89 6.02 
1A - - - - - - - - - - - - 76.88 30.79 17.52 1.91 53.62 32.89 13.37 5.87 
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Table A16.11: Chromium full results upstream sampling  
Chromium µg/g 
Site XRF Sd ICP-OES Sd 
1A 30.36 5.8 9.21 0.69 
1B   6.64 0.15 
1C 95.98 12.52 20.58 2.64 
1D 66.22 20.36 24.96 1.85 
1E 41.92 5.48 13.00 0.98 
1F 31.12 0.83 14.26 1.65 
1G 40.19 5.35 16.64 0.28 
B1 28.88 1.44 15.62 3.29 
FR1 20.4 9.38 5.26 4.36 
FR2 75.8 0 9.09 5.50 
 
Tin sediment concentrations  
Tin was widely used in antifouling paints in the form of TBT until its ban in the 
1990s/2000s, though some paints can still have small amounts of tin present within them 
(Yebra et al., 2004; Rees et al., 2014; Turner et al., 2015). Tin levels on the Hamble tended 
to be relatively constant seasonally at each site on both sampling methods (Tables A16.12 
and A16.11). Tin was also not present at all sites within the estuary, sometimes on both 
analysis methods. The levels observed on the ICP-OES were significantly lower than those 
observed on the XRF, for example site 9 May 2016 XRF concentrations were 21.36µg/g 
and ICP-OES were 0.47µg/g, whilst site 4 in June 2015 had XRF concentrations of 
32.76µg/g and ICP-OES of 1.06µg/g. This suggests that the XRF over estimates tin levels 
or the acid digestion method like for cadmium and chromium does not digest and release 
the whole tin content from the sediment sample. In the upstream samples like many in the 
main estuary tin was not always present. One freshwater site (FR1) had a tin concentration 
of 20.94µg/g, whilst the other freshwater site and the ICP-OES produced no tin results. On 
the Test and Itchen tin was present in similar levels to those observed on the Hamble. Tin 
levels within other estuaries tended to vary with some estuaries having tin concentrations 
similar to the Hamble whilst others were considerably higher (Table 3.8).  
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Table A16.12: Tin sediment concentrations Hamble – main estuary 
 Tin µg/g 
 Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 - - - - 16.93 - 0.59 0.85 - - - - - - - - 16.93 - 0.59 - 
C1 21.26 - 0.23 0.99 - - 0.89 1.24 49.91 - - - 45.14 12.88 - - 38.77 15.35 0.56 0.47 
10 22.22 - - - 17.95 - - - - - - - 62.86 - - - 34.34 24.79 - - 
9 - - - - - - - - - - - - 21.36 9.11 0.47 0.51 21.36 - 0.47 - 
PM 2 - - 0.86 1.38 19.85 - - - - - - - 28.30 - - - 24.08 5.98 0.86 - 
8 19.84 0.8 - - 21.93 - 0.77 3.12 - - 1.75 6.74 52.05 2.40 - - 31.27 18.02 1.26 0.69 
7 24.19 1.27 2.09 0.46 - - 2.20 0.20 - - - - 21.19 - - - 22.69 2.12 2.14 0.08 
PM 1 - - - - 31.5 - 31.86 4.07 - - 1.96 1.18 31.21 - - - 31.36 0.21 16.91 21.14 
6 - - - - 34.83 2.9 2.32 3.43 20.44 2.04 - - 27.02 - - - 27.43 7.20 2.32 - 
MM 2 - - - - - - 0.62 1.93 - - 1.66 0.72 50.96 - - - 50.96 - 1.14 0.74 
5 - - - - 20.3 - 2.75 1.56 - - 2.02 0.59 37.93 15.54 - - 29.12 12.47 2.38 0.52 
MM 1 - - 0.90 0.79 - - 1.97 2.49 - - 1.46 0.80 21.60 - 1.06 1.41 21.60 - 1.35 0.47 
UM 2 - - 1.44 0.25 - - - - - - 0.52 1.01 33.79 20.51 0.19 1.53 33.79 - 0.72 0.65 
4 32.76 - 1.06 2.03 20.17 - 2.58 2.18 54.00 - 5.99 2.11 63.18 - - - 42.53 19.61 3.21 2.52 
UM 1 40.57 6.02 0.27 0.83 - - - - - - - - 47.91 21.06 - - 44.24 5.19 0.27 - 
SM 2 19.9 - - - 18.53 - 0.92 1.44 19.51 - 0.22 0.82 57.90 10.15 - - 28.96 19.30 0.57 0.50 
3 22.97 - - - 24.54 - 3.64 0.79 20.79 - 1.09 0.95 20.65 3.90 - - 22.24 1.87 2.37 1.80 
SM 1 31.7 11.22 - - 28 2.76 4.00 1.88 - - - -  - 1.64 0.48 29.85 2.62 2.82 1.67 
2 - - - - - - - - - - - - 40.00 27.40 - - 40.00 - - - 
FB 2 25.06 - - - - - - - - - - -  - - - 25.06 - - - 
FB 1 21.43 1.58 5.45 9.02 22.4 - - - - - - - 86.44 8.29 - - 43.42 37.26 5.45 - 
1 23.32 - - - - - 2.46 0.64 - - - - 46.98 6.58 - - 35.15 16.73 2.46 - 
1A - - - - - - - - - - - - 46.97 2.33 0.90 0.72 46.97 - 0.90 - 
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Table A16.13: Tin sediment concentrations Hamble upstream 
Tin µg/g 
 Site XRF Sd ICP-OES Sd 
1A - - 0.21 1.86 
1B - - 1.48 2.21 
1C - - - - 
1D - - 3.66 0.57 
1E - - 0.88 0.84 
1F - - 1.17 0.30 
1G 19.11 - 0.82 0.73 
B1  - - - 
FR1 20.94 - - - 
FR2  - - - 
 
In Hamble upstream sediment samples Sn is present at more sites on the ICP-OES, which 
is the opposite of the main estuary. Where Sn is found in XRF samples it is in higher 
concentrations.   
Iron sediment concentrations 
The results for iron can be seen in the tables below, as well as discussion of the iron results 
in the discussion section volume one of the thesis. (Tables A16.14 and A16.15).  
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Table A16.14: Iron sediment concentrations Hamble – main estuary 
 Iron µg/g 
 
Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 23056 492 11925 1865 17304 381 8315 829 5370 354 14323 278 - - - - 15243 9021 11521 3024 
C1 43701 274 24017 1277 41787 21 22385 415 29464 431 3009 310 40955 706 28831 940 38977 6445 19560 11369 
10 26970 637 11758 3075 32769 789 18420 451 30774 198 9377 1653 28675 2800 8852 3395 29797 2519 12102 4398 
9 30181 151 8731 6173 33463 785 16356 558 30816 2725 15872 1011 33293 1246 23615 7971 31938 1684 16143 6080 
PM 2 41504 134 26230 1830 42488 90 29936 891 41727 75 22174 322 41121 11 27991 556 41710 576 26583 3306 
8 41803 2923 13789 5431 38907 88 22934 245 33206 3786 31345 3295 35238 35 23501 2942 37288 3824 22892 7181 
7 42388 995 26373 584 38725 1394 20917 3215 40802 7 23710 85 41106 173 23893 3145 40755 1518 23723 2231 
PM 1 41451 1147 7619 7043 51266 3197 48955 3420 34653 1031 20590 2042 41546 741 27824 1767 42229 6835 26247 17293 
6 42844 1068 14840 12470 43651 31 29065 1843 43354 906 19484 2420 44299 2691 14923 9369 43537 607 19578 6687 
MM 2 38023 1399 26884 2634 43602 1725 27273 1102 42366 689 24459 3327 40626 856 27288 1003 41154 2418 26476 1358 
5 41714 592 1562 1410 31076 2180 20091 111 34416 1471 17947 653 31616 1352 13585 8280 34706 4896 13296 8278 
MM 1 46899 464 32041 2102 43520 227 23724 269 45921 881 26072 704 45224 374 11324 14145 45391 1424 23291 8712 
UM 2 40192 519 27407 1719 43495 136 28282 1450 42786 446 23593 530 42042 873 18434 3105 42129 1421 24429 4485 
4 41252 333 18593 1240 44608 456 22761 1136 31036 1836 16678 831 35119 2562 11131 10539 38004 6084 17291 4828 
UM 1 25750 1943 5806 9608 17614 3280 6691 579 37111 589 17700 872 27415 3131 25575 4215 26973 8001 13943 9456 
SM 2 33902 829 16335 896 45077 155 21389 5847 48117 420 22150 7236 39292 756 26837 2863 41597 6302 21678 4300 
3 37852 1054 25104 2093 40764 423 23839 3408 46626 1122 20384 511 32274 323 16348 5575 39379 5979 21419 3925 
SM 1 43052 534 29072 1444 39903 77 21618 726 42156 1538 19105 2221 48951 505 21825 11876 43516 3858 22905 4293 
2 12499 9011 29320 4331 34308 997 11865 2440 29302 94 17770 6106 11114 830 8314 407 46806 44915 16817 9202 
FB 2 20526 1811 11386 5101 15780 337 7086 809 - - - - 18215 1363 7870 1875 18173 2373 8780 2290 
FB 1 29175 558 17958 751 25044 2535 7171 8992 - - - - 22636 3484 5894 2789 25618 3307 10341 6627 
1 47660 2628 28493 596 16314 431 10746 359 - - - - 33579 2158 21844 6532 32518 15700 20361 8966 
1A - - - - - - - - - - - - 25603 167 25178 3440 25603 - 25178 - 
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Table A16.15: Iron sediment concentrations Hamble upstream   
Iron µg/g 
Site XRF Sd ICP-OES Sd 
1A 22709 866 11954 2334 
1B 17406 122 9868 406 
1C 32366 3108 24103 737 
1D 37365 4145 29467 4993 
1E 32848 295 15774 739 
1F 31097 2086 15355 1670 
1G 34547 940 20827 484 
B1 21084 1297 16800 3331 
FR1 15673 98 6150 5145 
FR2 9196 2735 9737 7214 
 
Aluminium sediment concentrations 
Al tended to be higher using XRF analyse than ICP-OES analyse, higher Al concentrations 
generally occurred in the mid estuary. Al concentrations tended to vary very little across 
the sampling months on XRF analyse, more variation occurred on ICP-OES sampling 
sessions.  
Aluminium is present within the earth crust in large concentrations, so is well represented 
within marine and terrestrial sediments (Mao et al., 2011). Aluminium on the Hamble 
tended to be higher on the XRF compared to the ICP-OES like many other elements 
(Tables A16.16 and A16.17). Site PM2 in June 2015, had an XRF concentration of 
41504µg/g and an ICP-OES concentration of 26230µg/g. There was very little variation in 
aluminium levels seasonally across the Hamble. Higher aluminium concentrations were 
generally observed in the lower to middle Hamble estuary. The lowest concentrations were 
observed at control site C2, and FB1 and FB2, where water flow is quicker and sediment 
particle sizes are larger due to the channelised channel under the motorway bridge. The 
concentrations upstream of areas of high boat density tended to be lower than those 
observed within the middle to lower estuary of the main estuary sampling sites (XRF Site 
1C 18624µg/g and 1G 23963µg/g). The two freshwater sites had aluminium concentrations 
similar to those in the upper estuary with XRF concentrations of 15585µg/g at site FR1 and 
13939µg/g at site FR”. Aluminium levels observed on the Test and Itchen were also 
similar to those on the Hamble estuary (Site T1 XRF 37597µg/g and ICP-OES 10850µg/g 
and site I4 XRF 31310µg/g and ICP-OES 8863µg/g). XRF concentrations were higher 
than those observed on the ICP-OES on the Test and Itchen also.  
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Table A16.16: Aluminium sediment concentrations Hamble 
 Aluminium µg/g 
 Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites 
XRF Sd ICP-
OES 
Sd XRF Sd ICP-
OES 
Sd XRF Sd ICP-
OES 
Sd XRF Sd ICP-
OES 
Sd XRF Sd ICP-
OES 
Sd 
C2 24423 338 2832 235 17974 1092 2029 263 7066 1080 4736 183  - -  -  -  16488 8774 3199 1390 
C1 37522 827 6956 409 36067 1839 7622 213 25045 712 723 70 32411 2798 10304 760 32761 5575 6401 4053 
10 29950 893 2314 238 27549 2443 6109 307 24783 1091 2465 362 25980 1092 2840 277 27066 2231 3432 1798 
9 21974 220 2076 582 27347 704 5251 324 16395 1998 1978 323 29590 1811 3946 1243 23827 5896 3313 1578 
PM 2 39948 2064 7686 184 36700 889 8373 526 33984 680 6877 154 32962 153 10089 815 34257 1682 8256 1367 
8 31865 133 2557 400 30854 3088 8972 293 18135 896 3006 168 30172 1575 5981 1044 27756 6452 5129 2979 
7 39199 4242 8752 1325 28951 836 4550 920 31325 2554 5654 182 42374 1622 9929 650 35462 6357 7221 2534 
PM 1 33382 1829 3348 538 31883 560 7457 123 28895 2169 4861 387 30913 1594 8293 793 31268 1880 5990 2288 
6 31904 999 8420 1387 29569 3783 4879 388 33346 1609 5240 1092 31454 7343 6338 316 31568 1558 6219 1593 
MM 2 31561 2862 6589 488 39090 3755 9823 1260 33116 612 6504 626 32386 5302 9605 1185 34038 3427 8130 1831 
5 33071 1433 5796 2180 26373 2543 6403 93 23801 1915 4543 193 27572 2308 6010 976 27704 3908 5688 804 
MM 1 38781 2232 9482 411 32186 43 8054 203 34421 710 8894 413 36660 1072 8250 4876 35512 2843 8670 650 
UM 2 34480 1267 8218 358 33465 1513 7860 365 34759 1258 6903 295 35075 2412 6657 1931 34445 697 7410 748 
4 26683 1077 4019 363 35086 2516 5495 67 24162 563 4553 499 33840 5083 5369 1031 29943 5344 4859 699 
UM 1 27075 1144 2788 2278 12281 2526 637 19 31998 515 4881 322 26844 5065 4475 465 24550 8517 3195 1931 
SM 2 28306 42 4480 586 33156 346 4769 2312 32798 2787 5903 2546 30400 2789 8274 753 31165 2265 5856 1725 
3 35220 1202 6199 822 32371 2967 3882 2305 30097 1087 5845 179 26075 558 5107 3294 30941 3862 5258 1024 
SM 1 31141 1830 8166 370 29835 1252 5965 834 28535 469 5900 528 35535 1125 10844 2615 31262 3041 7719 2335 
2 24709 1693 2185 629 10864 1475 969 448 9639 2469 1973 902 11881 851 1090 92 14273 7017 1554 614 
FB 2 22793 286 2060 306 12905 1163 760 170 -  - -  - 15358 3205 1269 265 17019 5149 1363 655 
FB 1 15955 2359 1532 188 13289 640 1206 203 -  - -  - 10168 2442 822 108 13137 2896 1187 356 
1 17864 1662 1356 210 16064 1118 1584 109 -  - -  - 31464 595 4186 2322 21797 8420 2375 1572 
1A -  -  -  -  -  -  -  -   - -   - -  14659 20 1935 209 14659 - 1935 - 
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Table A16.17: Aluminium sediment concentrations Hamble upstream   
Aluminium µg/g 
Site XRF Sd ICP-OES Sd 
1A 19043 2241 1721 137 
1B 14911 697 1034 15 
1C 18624 357 2519 289 
1D 27633 296 5195 1445 
1E 21748 924 3313 403 
1F 18989 645 3662 417 
1G 23963 2811 4109 438 
B1 19089 4591 3210 385 
FR1 15585 1108 1491 1016 
FR2 13939 1516 1236 247 
 
Manganese sediment concentrations 
Higher manganese concentrations were observed around Bursledon Bridge in the 
upper/middle estuary. The highest sample on both XRF and ICP-OES was consistently site 
2. Above Bursledon Bridge manganese levels tended to become lower again (Tables 
A16.18 and A16.19).  
Manganese concentrations were generally higher on XRF analysis compared to ICP-OES 
analysis but levels were still generally comparable. This was also found by Somogyi et al., 
(1997) for XRF and ICP-AES analysis for manganese where an XRF average of 
519±69µg/g and an ICP-AES of 378±80µg/g was found. The highest manganese 
concentrations were observed around Bursledon Bridge which is in the upper/middle 
estuary, high results were observed on both ICP-OES and XRF analysis. The highest site 
on both XRF and ICP-OES analysis was consistently site 2 (2 June 2015 XRF 2721µg/g 
and ICP-OES 560µg/g, October 2015 XRF 1760µg/g and ICP-OES 657µg/g). Other sites 
within this area of the estuary had manganese concentrations of 583-924µg/g on the XRF. 
This suggests there is a manganese source to this part of the estuary, or it could be due to 
the nature of the soil in this area which had larger particles and was shelly (appendix 8). 
Above Bursledon Bridge in the upper estuary manganese levels generally tended to be 
lower than those observed around Bursledon and more in line with those in the lower 
estuary (Site 1D XRF 211µg/g and ICP-OES 186µg/g). The two freshwater samples had 
higher manganese concentrations than those observed within the main estuary, but lower 
than those at Bursledon (FR1 XRF 950µg/g and ICP-OES 379µg/g and FR2 XRF 
354µug/g and ICP-OES 293µg/g). 
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Manganese concentrations in the upper estuary are similar to those observed in the middle 
to lower estuary, which are lower than those around Bursledon. Site FR1 a freshwater 
sample had the highest concentration in the upstream samples but it was still lower than 
those observed at Bursledon. XRF concentrations are higher generally than those of the 
ICP-OES. FR1 shows the biggest variation between the two analyse methods. 
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Table A16.18: Manganese sediment concentrations Hamble 
 Manganese µg/g 
 Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd XRF Sd ICP-OES Sd 
C2 210 5 108 16 157 24 66 4 110 25 147 4 -  -  -   - 159 50 107 41 
C1 365 18 305 10 366 26 260 3 263 2 30 1 275 38 268 7 317 56 216 125 
10 354 8 244 26 304 8 204 11 400 59 166 16 266 59 202 20 331 58 204 32 
9 288 35 141 13 323 16 200 5 319 6 158 4 260 47 178 19 297 29 169 25 
PM 2 356 31 261 13 297 7 251 4 325 25 213 1 280 37 268 4 314 51 248 25 
8 280 28 169 19 287 12 207 5 231 4 177 7 319 0 233 42 279 37 197 29 
7 317 30 232 6 287 16 186 28 238 7 192 1 324 3 271 9 291 39 220 39 
PM 1 395 37 215 12 330 44 291 5 313 22 203 17 312 56 247 10 337 39 239 39 
6 347 79 245 18 330 8 210 3 339 25 266 6 261 38 244 2 319 40 241 23 
MM 2 293 3 246 6 314 13 289 12 331 35 208 9 243 16 265 5 295 38 252 34 
5 349 13 269 4 285 19 194 3 286 1 173 8 297 53 231 11 304 30 217 42 
MM 1 344 6 300 20 332 14 211 2 372 5 241 8 304 55 264 30 338 28 254 37 
UM 2 238 3 274 16 355 138 240 10 323 12 216 4 315 49 215 31 308 49 236 28 
4 373 22 237 12 334 12 210 12 286 30 153 11 269 27 279 25 316 47 220 53 
UM 1 219 6 179 59 688 70 311 55 269 13 138 9 202 31 293 21 345 230 230 85 
SM 2 299 10 151 10 363 1 193 54 378 28 212 46 333 28 271 14 343 35 207 50 
3 306 16 229 21 374 103 196 32 536 1 202 8 236 43 186 33 363 128 203 18 
SM 1 318 4 257 14 330 21 244 4 253 7 314 28 324 13 276 17 306 36 273 31 
2 2721 102 560 24 1760 146 657 69 1279 202 568 74 736 6 677 78 1624 842 616 60 
FB 2 583 43 503 19 977 98 451 56 - - - - 479 60 310 27 680 263 421 100 
FB 1 655 22 438 67 297 44 544 257 - - - - 790 2 675 56 580 255 552 119 
1 924 52 512 29 148 1 72 4 - - - - 255 12 185 62 443 421 256 228 
1A -  -  - - - - - - - - - - 270 34 231 22 270 - 231 - 
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Table A16.19: Manganese sediment concentrations Hamble upstream   
Manganese µg/g 
Site XRF Sd ICP-OES Sd 
1A 291 81 260 147 
1B 312 76 121 5 
1C 542 167 265 34 
1D 211 27 186 69 
1E 163 13 48 5 
1F 234 21 104 13 
1G 178 2 108 1 
B1 283 5 503 149 
FR1 950 220 379 63 
FR2 354 0.01 293 22 
 
Nickel sediment concentrations 
Under Canadian standards for sediments nickel currently does not have a standard for 
comparison, results are therefore presented in tables.  It does however have a standard 
under CEFAS dredging guidelines. The results are split into the main estuary, Hamble 
upstream samples and Test and Itchen samples.  
Nickel concentrations are higher on the XRF then they are on the ICP-OES on all sampling 
sessions. There is little variation seasonally for nickel. Concentrations tend to be higher 
around Bursledon like they were for manganese (A16.20 and A16.21). 
Nickel concentrations were higher on the XRF compared to the ICP-OES, with 
concentrations higher at Bursledon like they were for manganese. Studies by Congiu et al., 
(2013) and Wu et al., (2012) found nickel to be comparable on XRF and ICP-OES 
analysis, which was not the case on the Hamble. This could be due to the nature of the 
sample, the digestion method or the analytical precision of the equipment used. Nickel 
showed very little seasonal variation on the Hamble. XRF nickel concentration ranged 
between 51.42-141.69µg/g and on the ICP-OES 4.04-26.19µg/g. The concentrations in the 
upper estuary were consistent with those observed in the lower and middle estuary with an 
XRF range of 60.03-88.44µg/g and an ICP-OES range of 4.54-18.81µg/g. 
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Table A16.20: Nickel sediment concentrations Hamble 
 Nickel µg/g 
 Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd ICP-
OES 
Sd XRF Sd ICP-
OES 
Sd XRF Sd ICP-
OES 
Sd XRF Sd ICP-
OES 
Sd XRF Sd ICP-
OES 
Sd 
C2 65.52 2.36 8.66 1.07 83.87 3.07 7.05 0.56 72.88 13.09 11.74 0.40  - -   - -  74.09 9.23 9.15 2.38 
C1 83.41 2.96 18.43 0.78 92.80 15.70 18.76 0.21 83.72 8.24 2.50 0.24 63.82 10.49 22.04 0.15 80.94 12.22 15.43 8.77 
10 126.88 10.61 7.53 0.79 91.39 3.15 20.70 1.28 124.72 6.23 7.50 0.66 71.63 40.09 9.03 0.85 103.65 26.83 11.19 6.38 
9 111.67 6.23 7.86 0.98 118.71 9.79 13.56 0.28 115.74 11.97 6.53 0.66 51.42 22.77 14.21 0.91 99.38 32.11 10.54 3.91 
PM 2 82.33 32.99 18.67 0.91 81.35 24.92 20.72 0.39 95.51 19.63 17.76 0.39 54.43 10.76 21.29 0.51 78.41 29.29 19.61 1.67 
8 78.73 27.88 8.89 1.46 74.94 21.61 25.67 0.48 97.04 21.43 10.15 0.86 103.35 16.48 16.51 0.47 88.51 13.82 15.30 7.67 
7 86.74 5.42 19.62 0.74 107.37 7.67 14.79 0.55 86.79 29.17 14.63 0.66 75.04 21.85 21.02 1.26 88.98 13.44 17.51 3.29 
PM 1 124.75 19.40 13.11 3.40 85.53 26.22 27.56 0.25 94.26 6.20 14.48 1.00 50.88  - 19.15 1.10 88.85 30.39 18.57 6.52 
6 83.87 30.53 17.49 0.49 119.62 7.83 14.07 0.98 93.99 4.89 14.06 1.36 -  - 15.41 0.49 99.16 18.43 15.26 1.62 
MM 2 80.83 11.36 18.59 0.43 78.17 6.40 26.19 1.20 94.19 5.25 16.25 0.68 74.13  - 20.88 0.75 81.83 8.69 20.47 4.25 
5 84.30 15.27 17.74 1.14 95.33 1.12 19.46 0.57 81.27 8.44 12.81 0.74 62.51 31.35 13.71 1.40 80.85 13.64 15.93 3.19 
MM 1 96.19 5.60 23.20 0.59 100.24 13.04 19.46 0.04 78.33 10.76 20.54 0.25 74.92 21.28 19.31 3.06 87.42 12.65 20.63 1.80 
UM 2 98.01 4.87 19.67 1.33 86.86 13.89 19.29 0.64 87.88 13.58 17.77 0.79 66.34 38.91 14.08 2.73 84.77 13.28 17.70 2.55 
4 77.64 17.61 10.82 0.78 105.39 13.89 14.55 0.26 87.03 19.60 11.59 0.93 116.59 - 15.18 0.92 96.66 17.59 13.04 2.15 
UM 1 82.85 8.24 5.21 2.22 104.04 3.76 3.95 0.40 80.85 2.85 13.56 0.29 85.62 49.93 16.97 2.03 88.34 10.65 9.92 6.35 
SM 2 82.80 0.90 11.97 0.45 89.92 2.69 15.46 3.70 86.30 4.06 18.26 0.47 94.07 30.15 19.02 0.70 88.27 4.84 16.18 3.20 
3 71.49 14.79 15.83 1.51 90.53 6.63 14.69 3.41 75.41 13.36 14.54 0.58 30.13 6.15 11.38 5.72 66.89 25.84 14.11 1.91 
SM 1 78.49 3.73 19.54 0.70 87.48 6.75 15.91 1.09 115.70 11.48 12.98 1.15 65.35 - 19.94 1.12 86.75 21.33 17.09 3.28 
2  - - 16.88 2.97 147.69 2.29 5.42 0.86 110.63 29.65 8.47 5.17 91.85 - 4.04 0.28 116.72 28.41 8.70 5.76 
FB 2 95.64 13.24 7.42 0.75 65.27 33.70 4.57 0.64 - - - - 59.25 38.73 8.63 2.13 73.38 19.50 6.87 2.09 
FB 1 122.18 12.28 9.03 1.00 112.17 0.81 17.28 1.32 - - - - 86.26 10.54 4.91 0.41 106.87 18.54 10.41 6.30 
1 141.69 2.72 6.44 0.75 79.69 0.69 5.80 0.47 - - - - 71.19 18.91 11.42 3.75 97.52 38.49 7.89 3.08 
1A  - -  -  - - - - - - - - - 67.06 16.56 6.92 0.46 67.06 - 6.92 - 
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Table A16.21: Nickel sediment concentrations Hamble upstream   
Nickel µg/g 
Site XRF Sd ICP-OES Sd 
1A 85.80 26.00 6.23 0.13 
1B 88.44 2.78 4.54 0.18 
1C 86.25 26.56 9.79 0.57 
1D 71.77 13.56 18.81 2.78 
1E 77.61 14.11 11.09 0.66 
1F 82.40 16.05 13.90 1.57 
1G 65.98 3.11 13.49 1.00 
B1 60.03 16.79 8.76 1.74 
FR1 79.73 7.25 7.06 2.12 
FR2 85.86 12.28 6.17 1.51 
 
Ni concentrations in the upper Hamble are consistent with those in the rest of the estuary. 
Freshwater samples are similar to estuarine samples. XRF concentrations are higher than 
ICP-OES concentrations.  
Barium sediment concentrations 
Barium has been found in a number of studies in relatively high levels within antifouling 
paints, so was analysed within this study for this purpose (Rees, 2013; Rees et al., 2014). 
Barium levels were higher on the XRF compared to the ICP-OES, for example site SM1 
June 2015 had an XRF concentration of 315µg/g, whilst on the ICP-OES a concentration 
of 25.52µg/g was observed. The levels observed were relatively consistent throughout the 
estuary with levels not higher in areas of high boat density, which suggests any barium in 
paints is not significantly raising the sediment concentrations or small amounts are present 
within the paints used. Barium also showed very little variation seasonally in the Hamble 
(Table A16.21). The concentrations observed in the upper Hamble estuary tended to be 
similar to those observed within the main estuary (site 1E XRF 285µg/g and ICP-OES 
6.03µg/g), this suggests most the barium observed is natural background concentrations 
(Table A16.21).  The levels observed on the Test and Itchen (DH1 XRF 305µg/g and ICP-
OES 14.84µg/g) were also similar to those on the Hamble (Tables 16.21 and 16.22).  
Barium concentrations observed in other estuaries analysed using ICP-MS tended to have 
barium levels similar to those observed on the XRF and the higher range of the ICP-OES 
on the Hamble (Rees, 2013). These were also collected in areas of high boat density and in 
the vicinity of abandoned vessels, in most cases paint appeared to have little influence on 
the barium concentrations. Concentrations on the Orwell at Pin Mill ranged between 9.66-
932µg/g, with the next highest value of 98µg/g, suggesting vessels can have some impact 
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on barium levels in some localised locations (Rees, 2013). Whilst on the Blackwater 
estuary barium concentrations ranged between 54-565µg/g, levels on the Colne at Mersea 
tended to be lower with concentrations ranging between 48-119µg/g (Rees, 2013). It 
appears paints on the Hamble are not impacting barium levels significantly, effects could 
however be localised like observed within these estuaries.  
Table A16.21: Barium sediment concentrations Hamble upstream   
Ba µg/g 
Site XRF Sd ICP-OES Sd 
1A 221.01 3.83 8.69 2.80 
1B 194.14 31.99 8.78 2.61 
1C 221.01 76.63 18.78 4.08 
1D 222.11 2.13 19.68 4.25 
1E 284.77 6.24 6.03 0.45 
1F 256.50 13.17 25.61 2.26 
1G 225.77 38.84 20.59 2.95 
B1 215.27 0.52 16.48 2.64 
FR1 202.54 8.99 22.64 4.93 
FR2 208.06 20.28 24.12 4.99 
 
 
 
 
 
71 
 
Table A16.22: Barium sediment concentrations Hamble 
 Barium µg/g 
 
Sediment June 2015 Sediment October 2015 Sediment January 2016 Sediment May 2016 Average 
Sites XRF Sd 
ICP-
OES Sd XRF Sd 
ICP-
OES Sd XRF Sd 
ICP-
OES Sd XRF Sd 
ICP-
OES Sd XRF Sd 
ICP-
OES Sd 
C2 248.56 12.30 15.22 3.76 298.42 3.03 12.85 0.38 182.93 41.85 17.91 0.27  - -   -  - 243.30 57.92 15.33 2.53 
C1 292.60 88.68 23.47 1.72 299.15 27.62 26.16 0.48 333.03 26.06 0.95 0.11 266.42 12.73 28.87 2.68 297.80 27.41 19.86 12.80 
10 308.52 5.17 12.47 0.37 248.42 12.54 25.37 1.06 288.14 67.79 11.65 1.38 254.72 122.43 16.50 1.47 274.95 28.37 16.50 6.29 
9 268.20 91.41 24.99 6.78 288.53 17.24 19.83 0.81 257.80 68.64 40.82 26.17 127.09 34.87 18.23 5.61 235.40 73.33 25.97 10.31 
PM 2 298.29 26.20 31.86 1.18 292.60 39.60 26.44 2.80 309.89 5.73 26.88 0.24 191.90 10.73 30.32 2.50 273.17 56.69 28.88 2.64 
8 186.92 52.89 23.63 3.94 308.71 20.44 33.18 1.77 255.72 2.78 48.94 29.25 352.41 41.73 31.21 5.58 275.94 71.31 34.24 10.63 
7 279.07 83.22 24.09 0.74 356.62 27.53 22.76 5.70 266.80 48.13 42.36 9.12 228.16 114.78 20.30 6.68 282.66 53.86 27.38 10.11 
PM 1 309.83 32.50 21.56 2.03 304.76 105.57 41.54 3.85 315.36 24.88 25.07 2.59 172.45 79.37 29.54 5.23 275.60 68.91 29.43 8.71 
6 255.44 106.84 14.84 3.77 339.10 16.17 38.25 29.03 285.79 17.03 23.18 3.37 168.52  - 14.45 1.80 262.21 71.39 22.68 11.14 
MM 2 291.91 8.65 23.35 4.35 249.48 22.51 34.20 1.56 291.99 28.32 37.03 4.98 162.24 153.15 25.16 7.31 248.90 61.15 29.94 6.70 
5 254.13 1.29 11.87 3.27 316.30 43.73 31.81 2.96 252.79 4.57 21.13 2.41 250.30 84.26 15.72 2.20 268.38 31.98 20.13 8.66 
MM 1 286.23 58.58 27.25 1.51 295.56 25.24 26.94 0.59 265.56 8.68 26.24 0.23 180.99 70.35 13.91 4.03 257.08 52.26 23.59 6.47 
UM 2 299.89 7.57 23.03 3.75 334.07 31.77 23.95 2.21 283.91 47.26 27.21 1.30 190.94 103.46 21.00 5.23 277.20 61.20 23.80 2.59 
4 255.54 8.35 22.64 2.17 262.82 59.30 22.51 1.94 271.58 38.50 23.03 0.82 233.65 192.26 20.46 4.23 255.89 16.22 22.16 1.15 
UM 1 229.13 50.23 10.39 3.92 164.61 39.94 9.09 1.73 265.31 3.90 20.29 0.54 267.78 118.15 15.38 1.55 231.71 48.09 13.79 5.11 
SM 2 231.39 12.81 19.54 2.80 283.97 12.59 21.54 6.33 309.81 7.94 23.09 8.62 359.25 43.91 25.27 1.51 296.10 53.26 22.36 2.43 
3 287.92 34.32 22.39 1.50 306.54 1.04 20.49 8.82 265.48 2.95 35.77 16.67 82.10 -  17.14 8.22 235.51 103.64 23.95 8.17 
SM 1 315.01 5.68 25.52 1.06 316.05 47.41 24.75 0.93 320.57 14.23 36.74 13.91 184.98 79.83 15.73 6.25 284.15 66.16 25.69 8.60 
2 209.04 93.47 21.92 4.42 309.37 34.54 53.91 2.53 206.41 18.49 13.58 1.89 165.32 154.17 14.88 1.74 222.53 61.25 26.07 18.92 
FB 2 208.68 52.30 32.92 4.42 150.35 - 11.68 0.95 -  - -  - 143.27 87.71 13.80 1.76 167.43 35.89 19.47 11.70 
FB 1 366.39 17.35 74.59 14.05 271.14 39.51 44.79 30.46 -  - -  - 262.81 94.75 14.62 2.79 300.11 57.55 44.67 29.99 
1 271.01 47.02 19.14 1.98 234.26 9.52 24.23 15.46 -  - -  - 305.46 30.08 22.01 5.45 270.24 35.61 21.79 2.55 
1A -  -   -  -  - -   - -   -  -  -  - 212.29 44.33 14.97 1.24 212.29 - 14.97 - 
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Hamble organic content of sediments  
The organic content of the sediments was also noted whilst sediment analyse for the XRF 
was carried out. The results for this can be seen in the following tables and figures (Tables 
A16.23 and A16.24, Figure A16.4).  
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Table A16.23: Hamble sediment organic content main estuary 
 Sediments June 2015 Sediments October 2015 Sediments January 2016 Sediments May 2016 
Site 
Total 
(g) 
Inorganic 
(g) 
Organic 
(g) 
Organic 
% 
Total 
(g) 
Inorganic 
(g) 
Organic 
(g) 
Organic 
% 
Total 
(g) 
Inorganic 
(g) 
Organic 
(g) 
Organic 
% 
Total 
(g) 
Inorganic 
(g) 
Organic 
(g) 
Organic 
% 
C1 9.24 8.77 0.48 5 11.83 11.17 0.66 6 16.06 15.55 0.51 3 9.64 9.25 0.39 4 
C2 15.14 14.84 0.30 2 32.38 31.98 0.40 1 15.82 15.71 0.11 1 -  -  -  - 
10 18.49 17.96 0.53 3 13.11 12.64 0.47 4 20.99 20.03 0.96 5 9.27 8.55 0.72 8 
9 22.80 22.20 0.61 3 15.93 15.10 0.83 5 14.99 14.39 0.60 4 12.77 12.55 0.22 2 
8 6.78 6.22 0.56 8 14.76 14.04 0.72 5 20.05 18.44 1.60 8 11.28 10.89 0.38 3 
PM 2 10.98 10.38 0.61 6 12.32 11.56 0.76 6 9.56 8.95 0.62 6 6.16 5.88 0.28 5 
7 10.49 9.88 0.61 6 19.61 18.98 0.63 3 13.06 12.55 0.51 4 7.15 6.79 0.35 5 
PM 1 17.72 17.17 0.55 3 11.85 11.18 0.67 6 18.00 17.42 0.58 3 5.89 5.58 0.31 5 
6 9.45 8.62 0.83 9 18.16 17.26 0.89 5 11.30 10.60 0.71 6 4.54 4.32 0.23 5 
MM 2 14.59 13.87 0.73 5 12.63 12.01 0.62 5 11.24 10.57 0.67 6 5.99 5.70 0.29 5 
5 11.52 10.85 0.67 6 14.74 13.97 0.76 5 12.20 11.27 0.93 8 9.05 8.60 0.44 5 
MM 1 11.94 11.15 0.79 7 9.98 9.41 0.58 6 10.99 10.24 0.76 7 7.08 6.62 0.46 6 
UM 2 11.65 10.87 0.77 7 10.31 9.76 0.55 5 10.56 10.02 0.54 5 7.18 6.83 0.35 5 
4 14.92 14.20 0.72 5 13.14 12.56 0.58 4 18.82 18.12 0.70 4 7.36 7.05 0.30 4 
UM 1 16.01 15.55 0.46 3 11.79 11.50 0.29 2 13.77 13.13 0.65 5 10.03 9.77 0.25 3 
SM 2 19.47 18.97 0.51 3 10.91 10.25 0.66 6 14.65 13.82 0.83 6 11.05 10.60 0.45 4 
3 14.68 13.76 0.91 6 14.05 13.23 0.82 6 10.07 9.44 0.63 6 5.45 5.05 0.39 7 
SM 1 13.32 12.70 0.62 5 12.06 11.34 0.72 6 11.63 10.83 0.80 7 6.78 6.24 0.54 8 
2 25.20 22.80 2.39 9 16.24 15.75 0.49 3 17.28 17.00 0.28 2 4.88 4.73 0.15 3 
FB 2 9.01 8.51 0.50 6 15.37 13.97 1.41 9 -  - -  - 9.57 9.38 0.19 2 
FB 1 19.00 18.21 0.79 4 19.94 19.51 0.43 2  - -  - - 7.61 7.49 0.11 1 
1 13.18 12.24 0.93 7 26.60 26.19 0.41 2  - -  - - 11.03 10.52 0.51 5 
1A  -  -  - -  -  -  -  -   -  -  -  - 10.70 10.51 0.19 2 
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Table A16.24: Hamble sediment organic content upstream samples   
 Sediments July 2016 Sediments August 2016 
Site Total 
(g) 
Inorganic 
(g) 
Organic 
(g) 
Organic 
% 
Total 
(g) 
Inorganic 
(g) 
Organic 
(g) 
Organic 
% 
1A - - - - 27.18 26.38 0.80 3 
1B - - - - 29.74 29.34 0.41 1 
1C - - - - 37.85 36.64 1.21 3 
1D - - - - 24.22 23.54 0.68 3 
1E - - - - 15.84 15.41 0.43 3 
1F - - - - 14.54 13.97 0.57 4 
1G - - - - 16.39 15.16 1.23 8 
FR 1 44.07 - - 0 - - - - 
FR 2 30.79 30.47 0.33 1 - - - - 
B1 15.80 14.94 0.86 5 - - - - 
 
The samples collected from further upstream had higher organic content, the freshwater 
organic content (FR2) is relatively low. FR1 also a freshwater sample had a sandy 
sediment which cracked the beaker meaning an accurate result could not be obtained.  
 
 
Figure A16.4: Comparison of sediment organic content seasonally 
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Appendix 17 – SPM metal concentrations 
The SPM metal concentrations can be seen below. For metals not discussed within the 
discussion a short discussion section is present here.  
SPM zinc concentrations  
Table A17.1: SPM zinc concentrations 
  Zinc µg/g 
 Site 
4th July Spring 
tide 
15th July Neap 
tide 
12th October Neap 
tide 
21st October Spring 
tide 
A3 HT LOD 89033 100156 LOD 
A3 LT LOD 56359 153498 LOD 
HP19 HT LOD 54094 153250 2705 
HP19 LT LOD 29004 163009 LOD 
I42 HT LOD 16361 84969 44205 
I 42 LT 36484 LOD 260125 16682 
L25 HT LOD LOD 10611 - 
L25 LT LOD 216373 222741 2903 
Z1 HT 9329 LOD 118850 63406 
Z1 LT LOD LOD 199400 64749 
 
SPM copper concentrations  
Table A17.2: SPM copper concentrations 
Copper µg/g 
Site 4th July Spring 
tide 
15th July Neap 
tide 
12th October Neap 
tide 
21st October Spring 
tide 
A3 HT 37 92 105 8 
A3 LT 49 113 206 54 
HP19 HT 22 14 142 180 
HP19 LT 75 147 343 106 
I42 HT 14 96 213 8 
I 42 LT 481 88 313 73 
L25 HT 56 140 99 86 
L25 LT 201 - 241 10 
Z1 HT 57 - 230 89 
Z1 LT 54 79 248 164 
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SPM iron concentrations  
Table A17.3: SPM iron concentrations 
Iron µg/g 
Site 4th July Spring 
tide 
15th July Neap 
tide 
12th October Neap 
tide 
21st October Spring 
tide 
A3 HT 35390 35438 43648 35694 
A3 LT 32593 30771 44446 37661 
HP19 HT 31016 24076 28735 250354 
HP19 LT 42519 37452 52938 47556 
I42 HT 5143 27038 37548 8496 
I 42 LT 251542 32235 45126 39644 
L25 HT 36305 39835 79616 94787 
L25 LT 14767 - 44370 4454 
Z1 HT 13386 - 104022 39208 
Z1 LT 45630 21673 40919 58435 
 
SPM cadmium concentrations  
Cadmium generally tended to be present within the SPM samples in relatively low 
concentrations, the cadmium present could be due to its presence within the zinc anode 
alloy (Solent anodes, 2017). The levels observed in SPM samples were generally similar to 
levels observed within sediment samples, with exception of some sites on XRF analyses. 
Cadmium had a range of 0.01-2.42µg/g on the Hamble within SPM samples. Cadmium 
was also below the limit of detection at many sites within SPM results like the sediment 
results. Higher concentrations were observed in October compared to July like for zinc, 
higher concentrations and more results were also present for the mid estuary, where 
sediment particles were finer. Anodes could contribute to the cadmium levels observed 
within SPM, but they do not significantly raise it.  
On the Humber and Mersey cadmium was concentrated in the exchangeable and carbonate 
phases, which allows this metal to pass back into the water column, greatly increasing it 
bioavailability (Comber et al., 1995). Cadmium concentrations within SPM samples on the 
Humber ranged between 0.1-0.45µg/g on the exchangeable phase and 0.2-04µg/g in the 
carbonate phase, whilst on the Mersey the exchangeable phase had a range of 0.3-0.6µg/g 
and the carbonate phase 0.25-0.85µg/g (Comber et al., 1995).The cadmium levels on the 
Hamble had a higher range than those observed on the Humber and Mersey, which 
indicates that if cadmium is present within the exchangeable and carbonate phase on the 
Hamble it is likely to be bioavailable. This could cause effects to marine life in the levels 
observed. It is likely that the higher cadmium levels observed on the Hamble is due its 
presence within zinc anodes.  
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Table A17.4: SPM cadmium concentrations 
Cadmium µg/g 
Site 4th July Spring 
tide 
15th July Neap 
tide 
12th October Neap 
tide 
21st October Spring 
tide 
A3 HT LOD LOD 0.66 LOD 
A3 LT LOD 2.42 1.09 LOD 
HP19 HT LOD LOD 0.51 LOD 
HP19 LT LOD LOD 2.05 LOD 
I42 HT LOD LOD 0.13 0.01 
I 42 LT 0.03 LOD 1.85 LOD 
L25 HT LOD LOD LOD 0.30 
L25 LT LOD - 0.43 0.01 
Z1 HT LOD - LOD 0.07 
Z1 LT 0.09 LOD 0.61 0.33 
 
SPM lead concentrations 
Lead, like cadmium, is present within the anode alloy in small quantities (Table 2.2) 
(Solent anodes, 2017). It is therefore likely that zinc levels observed within SPM samples 
on the Hamble are partially due to anodes. Lead levels within SPM samples ranged 
between 1-445µg/g with higher concentrations generally being present October compared 
to July. Like for copper the highest concentration of 445µg/g was observed on a spring 
tide, at the same site (I42). This suggests a local contamination source, possibly within the 
sediments, which is disturbed by the tidal movements within the estuary. This site is 
situated within the middle of the estuary but there were no obvious signs of a potential 
metal source nearby. Cadmium levels were not elevated at this site, only copper and lead, 
with zinc levels similar to other nearby sites but still high.  
The concentrations of lead within the SPM samples on the Hamble tended to vary between 
tidal cycles, which suggests the lead concentrations are constantly changing. The neap tide 
on the 12th of October 2016 showed the most constant results throughout the estuary. No 
sites were collected near to the Warsash former smelting works, so effects of this are 
unknown (Wright et al., 2016).  Lead levels on the neap tide in July was generally lower 
than the other sampling sessions, two samples could not however be analysed. Lead levels 
within SPM generally tended to be similar to those observed within sediments on the 
Hamble. A number of sediments sites did however have lead concentrations significantly 
higher than levels observed within SPM data. This is likely due to a localised 
contamination source or item within the estuary. 
On the Mersey and Humber, lead concentrations in the SPM was generally similar to those 
observed on the Hamble. On the Hamble lead varied between samplings days, with the 
exception of a few sites mainly on spring tides (Comber et al., 1995). The variations of 
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lead levels on the Hamble would suggests it is mobile in nature and potentially 
exchangeable with the water column, which could increase its bioavailability. Lead levels 
on the Humber were generally higher on the reducible phase with a range of 20-58µg/g 
observed, whilst on the Mersey levels of 42-105µg/g were observed (Comber et al., 1995). 
With lead levels generally higher than those on the Humber and Mersey it again would 
suggest anodes could rise the levels observed within the SPM.  
Table A17.5: SPM lead concentrations 
Lead µg/g 
Site 4th July Spring 
tide 
15th July Neap 
tide 
12th October Neap 
tide 
21st October Spring 
tide 
A3 HT 19 1 90 37 
A3 LT 40 41 113 44 
HP19 HT 20 LOD 81 283 
HP19 LT 56 19 161 35 
I42 HT 3 LOD 101 3 
I 42 LT 445 56 62 48 
L25 HT 49 13 105 8 
L25 LT 243 - 129 8 
Z1 HT 5 - 135 70 
Z1 LT 81 21 105 46 
 
SPM arsenic concentrations 
Arsenic concentrations within SPM samples on the Hamble ranged between 2.53-
157.31µg/g and concentrations on neap tends tended to be slightly higher than those 
observed on spring tides. Site I42 at low tide again had a high level of 119.75µg/g, which 
further suggests a metal source at or near this site. Arsenic concentrations within sediments 
on the Hamble tended to be similar to the lower to middle range of those observed within 
SPM samples. Arsenic is not present within the anode alloy, but formerly was used in 
some antifouling paints (Rees et al., 2014), this is not however likely to be the main 
arsenic source to the Hamble.  
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Table A17.6 SPM arsenic concentrations 
Arsenic µg/g 
Site 4th July Spring 
tide 
15th July Neap 
tide 
12th October Neap 
tide 
21st October Spring 
tide 
A3 HT 26 97 50 24 
A3 LT 23 65 63 24 
HP19 HT 24 56 32 168 
HP19 LT 24 65 68 35 
I42 HT 4 55 38 6 
I 42 LT 134 36 57 25 
L25 HT 27 66 57 14 
L25 LT 79 - 46 3 
Z1 HT 27 - 75 34 
Z1 LT 24 18 67 43 
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Appendix 18 – Test and Itchen sampling  
Water and sediment samples were collected in November 2016 as a comparison to the 
Hamble. The site locations of which and the results can be seen on the following pages. 
 
The results include:  
 DOC and fluorimeter data  
 Zinc within the water column 
 Sediment metal levels  
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              Table A18.1: Sampling sites Test and Itchen  
Figure A18.1: Itchen and Test sampling sites November 2016 
   
Site Site description 
T1  River Test, mid channel Mayflower Park and Marchwood Military Port 
T2 River Test, upstream container port, mid channel Eling river entrance  
I1 River Itchen, Inside Ocean Village Marina  
I2 River Itchen, under Itchen Bridge mid channel  
I3 River Itchen, mid channel Ocean Quay and Lauren Marine  
I4 River Itchen, mid channel Northam Bridge, scrap yard  
I5 River Itchen, mid channel Riverside Park, downstream Woodmill 
C1 Control site Netley – same site used for Hamble samples  
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Test and Itchen zinc speciation water column 
 
Figure A18.2: Zinc speciation data Test and Itchen  
Table A18.2: Test and Itchen water zinc data 
Test and Itchen water column Zn µg/l 
Site Salinity TDZn Sd Labile  Zn Sd Free Zn Sd 
I1 30.39 19.22 8.22 7.18 2.10 1.68 0.59 
I2 32.1 9.56 4.08 2.38 0.62 0.54 0.15 
I3 31.88 8.79 1.93 2.29 0.15 0.47 0.05 
I4 25.41 12.44 0.35 6.00 1.06 1.58 0.53 
I5 18.81 8.44 2.76 0.70 0.98 0.19 0.23 
T1 31.34 20.84 4.74 1.95 0.31 0.49 0.08 
T2 31 6.19 2.26 2.64 0.37 0.44 0.14 
C1 32.81 9.24 0.49 3.67 0.63 0.86 0.30 
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Test and Itchen DOC  
Table A18.3: DOC, humic and fulvic November 2016, Test and Itchen 
Sample 
Number 
DOC 
mg/l 
DOC 
fluorimeter 
mg/l 
Humic Fulvic  HIX BIX Tryptophan 
I1 2.54 1.93 150 97 3.49 0.75 95.2 
I2 2.12 1.2 86 65 1.5 0.9 127.3 
I3 2.03 0.79 50 52 2.02 0.79 40.3 
I4 1.85 1.72 131 87 3.09 0.79 115.8 
I5 4.10 3.14 255 167 2.52 0.88 147.1 
T1 2.05 1.27 92 54 2.78 0.92 72.7 
T2 2.02 1.28 93 57 2.52 0.98 68.4 
C1 2.34 1.57 118 89 2.24 0.94 102.3 
 
Test and Itchen sediment metal content  
Zinc sediment concentration  
The XRF results were higher for all sampling sites than those of the ICP-OES. Most sites 
are between the effect levels, one site I4 near to scrap metal yard exceeds probable effect 
level. Dock Head (DH) where estuaries join Southampton Water is heavily dredged and 
below effect levels. 
 
Figure A18.3: Zinc Test and Itchen sediments November 2016 
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Table A18.4: Zinc sediment concentrations Test and Itchen  
Zinc µg/g 
Site XRF Sd ICP-OES Sd 
DH1 108 9 43 4 
T1 142 5 86 3 
T2 156 21 93 4 
I1 187 3 64 47 
I2 168 8 98 1 
I3 179 24 122 4 
I4 353 9 217 3 
I5 149 44 37 6 
 
Copper sediment concentration 
Copper on the XRF is generally higher at all sites apart from I4 near a scrap yard. I1 is 
surprisingly low for an enclosed marina which suggests dredging has occurred (Figure 
A18.4 and Table A18.5).  
 
Figure A18.4: Copper Test and Itchen sediments November 2016 
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Table A18.5: Copper sediment concentrations Test and Itchen  
Copper µg/g 
Site XRF Sd ICP-OES Sd 
DH1 29.66 0.66 17.40 2.52 
T1 44.18 6.49 41.93 1.24 
T2 41.32 4.69 40.31 2.79 
I1 62.04 5.81 35.64 32.80 
I2 43.34 4.96 38.61 0.51 
I3 62.11 20.88 78.28 2.45 
I4 104.14 2.91 116.73 4.01 
I5 35.04 19.91 16.27 4.66 
 
Lead sediment concentration 
Lead exceeds the probable effect level for sediments at site I4 located near scrap yard, all 
the others sites were either below the threshold effect level. The XRF results are generally 
higher than those of the ICP-OES (Figure A18.5 and Table A18.6). 
 
Figure A18.5: Lead sediment concentrations Itchen and Test 
 
 
 
 
 
 
 
 
 
86 
 
Table A18.6: Lead concentration sediments Test and Itchen  
Lead µg/g 
Site XRF Sd ICP-OES Sd 
DH1 26.48 1.85 18.95 1.55 
T1 39.85 1.39 32.73 1.20 
T2 39.73 2.30 28.88 2.47 
I1 57.94 2.81 28.46 14.95 
I2 51.38 5.01 41.41 1.18 
I3 59.81 3.23 56.19 3.59 
I4 260.09 6.80 140.01 24.54 
I5 42.28 14.01 20.44 5.24 
 
Arsenic sediment concentration 
Arsenic levels in the Test and Itchen are similar to those observed on the Hamble. XRF 
analyse is again higher than results from the ICP-OES (Figure A18.6 and Table A18.7).  
 
Figure A18.6: Arsenic sediment concentration Test and Itchen 
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Table A18.7: Arsenic concentration sediments Test and Itchen 
Arsenic µg/g 
Site XRF Sd ICP-OES Sd 
DH1 13.49 1.29 8.19 1.09 
T1 21.41 0.45 15.13 1.35 
T2 15.10 1.74 10.84 0.63 
I1 19.40 0.02 7.23 5.94 
I2 18.09 0.09 12.74 0.86 
I3 19.31 4.45 11.18 1.79 
I4 19.06 1.85 11.70 1.99 
I5 12.17 8.53 4.03 1.37 
 
Cadmium sediment concentration 
 
Figure A18.7: Cadmium sediment concentration Test and Itchen November 2016 
 
Cadmium was below the limit of detection at most sites on both methods. The XRF results 
for cadmium do not seem accurate as very high. Cadmium was present above the probable 
effect on two XRF samples and below threshold effect on one ICP-OES sample. Once 
again XRF is higher for Cadmium. 
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Table A18.8: Cadmium concentration sediments Test and Itchen 
Cadmium µg/g 
Site XRF Sd ICP-OES Sd 
DH1 - - - - 
T1 17.28 - - - 
T2 - - - - 
I1 - - - - 
I2 - - - - 
I3 - - - - 
I4 - - 0.10 0.02 
I5 8.19 - - - 
 
Chromium sediment concentration 
 
Figure A18.8: Chromium sediment concentration Test and Itchen November 2016 
XRF results on the Test and Itchen are again higher than on the ICP-OES. XRF results are 
above the threshold effect levels in all cases.  
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Table A18.9: Chromium concentration sediments Test and Itchen 
Chromium µg/g 
Site XRF Sd ICP-OES Sd 
DH1 55.87 8.15 9.16 0.75 
T1 74.93 2.60 20.44 0.53 
T2 72.81 3.44 16.06 0.25 
I1 112.37 56.79 10.39 9.76 
I2 73.87 7.03 21.99 0.32 
I3 68.78 13.28 19.33 0.37 
I4 88.74 15.63 20.30 0.95 
I5 68.90 19.68 4.90 0.25 
 
Tin sediment concentration  
Table A18.10: Tin sediment concentrations Test and Itchen  
Tin µg/g 
Site XRF Sd ICP-OES Sd 
DH1  - - -  -  
T1 41.59 - 0.48 0.09 
T2  - -  -  - 
I1  - - 1.22 0.80 
I2 24.19 - 0.95 1.33 
I3  - - 0.09 0.93 
I4 20.36 - 1.03 1.49 
I5  -  - 1.08 1.04 
 
Tin was found on more sites on the ICP-OES than the XRF like the upstream samples, but 
again where it was present on the XRF concentrations tend to be significantly higher.  
Iron sediment concentration 
Table A18.11: Iron sediment concentrations Test and Itchen 
Iron µg/g 
Site XRF Sd ICP-OES Sd 
DH1 30250 1022 8841 861 
T1 42795 354 18774 396 
T2 33283 1034 14177 392 
I1 42226 462 9009 7917 
I2 41677 1560 18849 281 
I3 43329 3108 17751 544 
I4 33799 236 14991 472 
I5 27070 21626 4853 954 
 
Fe concentrations are very similar on the Test and Itchen compared to the Hamble. XRF 
analysis has higher concentrations than ICP-OES samples. On the Test and Itchen iron 
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concentrations tended to be similar to those observed on the Hamble, the concentrations in 
the middle of the Itchen estuary tended to be slightly higher. Concentrations observed on 
the XRF were again slightly higher than those on the ICP-OES. Iron levels within other 
estuaries such as the Severn (24300µg/g) (Bryan et al., 1980) were similar to the Hamble 
(Table 3.8).  
Aluminium sediment concentration 
Table A18.12: Aluminium sediment concentrations Test and Itchen 
Aluminium µg/g 
Site XRF Sd ICP-OES Sd 
DH1 29857 2654 4153 261 
T1 37597 2606 10850 566 
T2 28411 242 8294 431 
I1 39263 4089 5305 6378 
I2 37608 2583 6649 36 
I3 35659 1357 10315 360 
I4 31310 21 8863 626 
I5 26160 17833 1630 245 
 
The Al concentrations observed on the Test and Itchen generally tended to have similar 
concentrations to those observed on the main body of the Hamble estuary. The Itchen 
upstream sample (I5) tended to be higher than the equivalent samples in the Hamble 
estuary (1F and 1G). Concentrations tended to be higher on the XRF compared to the ICP-
OES like samples from the Hamble.  
Manganese sediment concentration 
Table A18.13: Manganese sediment concentrations Test and Itchen 
Manganese µg/g 
Site XRF Sd ICP-OES Sd 
DH1 218 11 73 9 
T1 304 17 204 6 
T2 176 43 101 4 
I1 289 15 95 77 
I2 281 12 208 2 
I3 321 9 192 4 
I4 276 25 146 5 
I5 142 147 64 25 
 
Manganese concentrations on the Test and Itchen are similar to those on the Hamble. XRF 
concentrations are higher on the XRF than the ICP-OES. Manganese concentrations 
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observed on the Test and Itchen were similar to those in the lower and upper estuary of the 
Hamble, where sediments were silty in nature (appendix 8). At site T1 on the Test an XRF 
concentration of 304µg/g was observed whilst on the ICP-OES 204µg/g was observed. 
Whilst on the Itchen manganese ranged between 142-321µg/g on the XRF and 64-208µg/g 
on the ICP-OES. The XRF results where once again higher than the ICP-OES results. 
Manganese observed in other estuaries tended to be similar to those observed within the 
Hamble, Test and Itchen, with an average concentration on the Thames of 552µg/g 
(Emmerson et al., 1997) (Table 3.8).  
Nickel sediment concentration 
Table A18.14: Nickel sediment concentrations Test and Itchen 
Nickel µg/g 
Site XRF Sd ICP-OES Sd 
DH1 98.96 12.42 8.36 0.71 
T1 69.88 29.75 18.43 0.20 
T2 63.61 - 14.06 0.53 
I1 83.01 7.20 9.23 8.41 
I2 43.67 30.99 18.10 1.23 
I3 56.81 31.94 17.98 0.87 
I4 104.14 2.91 17.79 0.22 
I5 -  -  4.74 0.99 
 
Ni concentrations observed on the Test and Itchen are similar to those observed on the 
Hamble, XRF is once again higher than the ICP-OES. On the Test and Itchen nickel 
concentrations were also similar to those observed on the Hamble, with XRF 
concentrations ranging between 56.81-104.14µg/g and ICP-OES 4.74-18.43µg/g. 
Environment Agency data for the Test estuary (average of 14µg/g) was however lower 
than concentration observed on the XRF but similar to those observed on the ICP-OES, 
within this study for the Test. 
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Barium sediment concentration 
Table A18.15: Barium sediment concentrations Test and Itchen  
Barium µg/g 
Site XRF Sd ICP-OES Sd 
DH1 305 19 14.84 1.68 
T1 226 161 24.42 0.37 
T2 195 - 15.19 0.50 
I1 226 13 17.18 8.83 
I2 203 - 26.54 0.49 
I3 180 113 28.77 1.23 
I4 406 57 31.78 1.28 
I5 79  - 11.13 1.96 
 
Organic content of sediment  
The organic content observed on the Test and Itchen tended to be higher than the most 
samples within the Hamble, with an organic content of 1-13%, with the majority of 
samples having an organic content of 8%. The lowest sample with an organic content of 
1% was I5 on the Itchen which was an upstream sample with a gavel/sandy sediment 
present.  
Table A18.16: Test and Itchen sediment organic content 
Test and Itchen 
Site Total 
(g) 
Inorganic (g) Organic 
(g) 
Organic 
% 
I1 11.90 10.84 1.06 9 
I2 9.22 8.53 0.70 8 
I3 14.27 13.12 1.15 8 
I4 11.42 10.05 1.37 12 
I5 22.81 22.47 0.33 1 
T1 8.14 7.58 0.56 7 
T2 7.00 6.41 0.59 8 
DH1 26.24 25.40 0.84 3 
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Appendix 19 – In-situ anode experiment salinity profiling data and other parameters  
Salinity profiling was carried out at the pile locations at high and low tide and on spring 
and neap tides. Temperature, turbidity and chlorophyll were also recorded at the same 
time. The SPM samples were also collected on these sessions.  
Dates of surveys:  
 July 4th 2016 – Spring tide 
 July 15th 2016 – Neap tide 
 October 12th 2016 – Neap tide  
 October 21st 2016 – Spring tide  
Data in appendix  
 Full results with excluded anode weights  
 Anodes weight measured to 0.5kg instead 0.1kg accuracy (some anodes too heavy 
for scales measuring to 0.1kg) 
 Salinity profiles data at each metre 
 Temperature, turbidity and chlorophyll data each metre and averages  
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Table A19.1: Anode weights before and after deployment – scales 0.1kg accuracy 
ASL = above scale weight limit 
Pile 
number 
Anode 
number 
Weight 
new 
Weight 
1yr 
kg 
left 
% 
left 
A3 1 1.95 1.15 0.80 41 
A3 2 1.95 0.91 1.04 53 
A3 3 1.95 0.98 0.97 50 
D9 1 ASL 1.24 - -  
D9 2 1.97 1.13 0.83 42 
D9 3 1.98 1.04 0.93 47 
HP20 1 1.93 1.77 0.16 92 
HP20 2 1.91 1.73 0.18 91 
HP20 3 1.9 1.75 0.15 92 
G49 1 1.92 1.11 0.81 58 
G49 2 1.96 1.03 0.93 53 
G49 3 1.95 1.07 0.88 55 
I42 1 1.85 1.30 0.55 70 
I42 2 1.89 1.30 0.59 69 
I42 3 1.88 1.35 0.53 72 
TG 1 ASL 1.76 - -  
TG 2 ASL 1.83 -  - 
TG  3 ASL 1.77 -  - 
L25 1 1.97 1.69 0.29 85 
L25 2 1.98 1.47 0.52 74 
L25 3 1.93 1.43 0.50 74 
V8 1 1.91 1.50 0.41 78 
V8 2 1.91 1.30 0.61 68 
V8 3 1.91 1.36 0.55 71 
Z1 1 ASL 1.93 - -  
Z1 2 1.99 1.81 0.18 91 
Z1 3 ASL 1.94 -   - 
 
A higher corrosion rate was observed at the estuary mouth at higher salinities. TG and Z1 
were too heavy for scales so no date available. HP20 lost connection showing little 
corrosion during course of experiment.  
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Table A19.2: Anode weights before and after deployment – scales 0.5kg accuracy 
Pile 
number 
Anode 
number 
Weight 
new 
Weight 
1yr 
kg 
left 
% 
left 
A3 1 1.95 1.15 0.80 41 
A3 2 1.95 0.90 1.05 54 
A3 3 1.95 0.95 1.00 51 
D9 1 2 1.25 0.75 38 
D9 2 2.00 1.15 0.85 43 
D9 3 1.95 1.05 0.90 46 
HP20 1 1.9 1.80 0.10 95 
HP20 2 1.9 1.75 0.15 92 
HP20 3 1.9 1.75 0.15 92 
G49 1 1.95 1.10 0.85 56 
G49 2 1.95 1.05 0.90 54 
G49 3 1.95 1.05 0.90 54 
I42 1 1.85 1.30 0.55 70 
I42 2 1.85 1.30 0.55 70 
I42 3 1.85 1.35 0.50 73 
TG 1 2.1 1.75 0.35 83 
TG 2 2.1 1.80 0.30 86 
TG  3 2.1 1.85 0.25 88 
L25 1 1.95 1.70 0.25 87 
L25 2 1.95 1.45 0.50 74 
L25 3 1.95 1.40 0.55 72 
V8 1 1.9 1.50 0.40 79 
V8 2 1.9 1.30 0.60 68 
V8 3 1.9 1.35 0.55 71 
Z1 1 2 1.95 0.05 98 
Z1 2 2 1.85 0.15 93 
Z1 3 2.05 1.95 0.10 95 
 
A higher corrosion rate was once again observed at the estuary mouth at higher salinities. 
HP20, TG and Z1 lost or had no cathodic connection so corroded very little.  
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Table A19.3: Percentage of anode left after year deployment 
Pile 
Average % of anode 
left 0.5kg scales 
Average % of anode 
left 0.1kg scales 
A3 49 48 
D9 42 45 
HP20 93 92 
G49 55 55 
I42 71 70 
TG 86  - 
L25 78 78 
V8 73 73 
Z1 95 91 
 
 
 
4th July 2016 – Spring tide – high tide profiles (high tide 12.00) 
A3             
  
Surface 1 2 3 4 5 6 7 8 Averag
e 
Depth 
river (m) 
Time 
Salinity 31.37 31.41 
31.5
6 
31.6
5 
31.7
8 31.8 
31.8
1 
31.8
7 
31.8
8 31.68 8 
11.1
0 
Temperature 17.48 17.41 
17.3
6 
17.3
5 
17.3
2 
17.3
2 
17.3
2 
17.3
1 
17.3
1 17.35    
Chlorophyll 2.1 2.4 3.2 3 3.1 2.9 3 2.5 3 2.80    
Turbidity 3.1 3.6 4.2 4.8 4.6 4.6 4.5 4.9 8.6 4.77     
 
D9             
  
Surface 1 2 3 4 5 6 7 8 Average Depth river 
(m) 
Time 
Salinity 31.55 31.54 31.55 31.65 31.67 31.7 31.78 31.7  - 31.64 7 11.30 
Temperature 17.54 17.54 17.54 17.44 17.42 17.39 17.39 17.39 - 17.46    
Chlorophyll 2.3 3.3 3.3 3.4 3.2 3.4 2.4 2.8 - 3.01    
Turbidity 4.2 3.9 4 4.1 4 4 4.5 4.5  - 4.15     
 
HP20             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 31.33 31.5 31.5 31.51 31.53 31.57 31.58 31.59  - 31.51 6.4 11.50 
Temperature 17.76 17.52 17.52 17.51 17.47 17.42 17.41 17.41 - 17.50    
Chlorophyll 2.4 3.1 3.4 3 2.7 2.9 2.5 2.5 - 2.81    
Turbidity 2.5 4.6 5.6 4.8 5 5.9 5.4 6.2  - 5.00     
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G49             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 30.64 31.1 31.27 32.33 31.41 31.42 31.49 31.51  - 31.40 6.8 12.00 
Temperature 17.71 17.56 17.57 17.53 17.5 17.49 17.47 17.46 - 17.54    
Chlorophyll 3.4 3.3 3.4 3.1 3.1 2.7 2.4 5.7 - 3.39    
Turbidity 2.8 4.2 4.3 4.6 4.8 4.8 4 6  - 4.44     
 
I42             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 30.17 30.39 30.66 30.88 30.92 31.1 31.34 - - 30.78 6 12.15 
Temperature 17.9 17.87 17.72 17.7 17.67 17.63 17.53 - - 17.72     
Chlorophyll 3 3.1 3.7 2.9 3 2.7 3 - - 3.06     
Turbidity 2.4 3 3.5 4.6 4.4 4.2 5  -  - 3.87     
 
TG             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 30.5 30.59 30.78 30.95 31.09 31.24 31.31 -  -  30.92 5.8 12.30 
Temperature 17.83 17.78 17.68 17.6 17.55 17.5 17.48 - - 17.63    
Chlorophyll 3.6 3.7 3.2 3.3 3.2 2.6 3 - - 3.23    
Turbidity 3.4 3.1 3.1 3.2 4.6 4.2 4.8  -  - 3.77     
 
L25             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 28.46 29.09 29.35 30 30.66 30.78 30.79 -  -  29.88 6 12.45 
Temperature 18.02 17.92 17.92 17.82 17.65 17.62 17.62 - - 17.80    
Chlorophyll 4.3 4.1 4 2.8 2.7 2.1 2.1 - - 3.16    
Turbidity 3.1 3 3.8 3 3.4 3.1 5  -  - 3.49     
 
V8             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 26.73 26.87 27.39 28.56 29.05 30.17 30.4  -  - 28.45 6 13.00 
Temperature 18.22 18.18 18.08 17.98 17.94 17.71 17.66 - - 17.97    
Chlorophyll 4 4.2 3.2 3.1 2.8 2.7 2.4 - - 3.20    
Turbidity 3.1 3.8 3.8 3.8 4.3 3.5 4.2  - -  3.79     
 
Z1             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 26.72 26.77 27.58 28.55 29.78 29.79 29.83 - - 28.43 5.6 13.15 
Temperature 18.32 18.12 18.05 17.91 17.76 17.76 17.76 - - 17.95    
Chlorophyll 4.3 4.4 3.4 2.2 2.3 2.5 2.7 - - 3.11    
Turbidity 4.1 3.4 3.3 4.4 4.1 4.2 6.5  -  - 4.29     
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4th July 2016 – Spring tide – low tide profiles (low tide 17.30) 
A3           
  
Surface 1 2 3 4 5 6 Average Depth 
river (m) 
Time 
Salinity 30.29 30.2 30.34 30.27 30.36 30.5 30.58 30.36 5.6 15.55 
Temperature 17.87 17.88 17.87 17.96 17.86 17.83 17.82 17.87    
Chlorophyll 4.2 4 3.8 3.4 3.7 3.8 4.5 3.91    
Turbidity 6.8 7.5 8.2 9 9.8 11 20 10.33     
 
D9           
  
Surface 1 2 3 4 5 6 Average Depth 
river (m) 
Time 
Salinity 29.2 29.21 29.26 29.25 29.26 29.23 - 29.24 4.6 16.10 
Temperature 17.89 17.89 17.88 17.88 17.88 17.89 - 17.89   
Chlorophyll 3.3 3.4 3.6 3.4 3.4 4.6 - 3.62   
Turbidity 8.9 9.4 9.6 9.9 11.5 29.9 - 13.20   
 
HP20           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 27.94 27.94 28.02 28.08 28 - - 28.00 3.8 16.25 
Temperature 18.02 18.01 18.01 18 18.01 - - 18.01    
Chlorophyll 4.2 3.9 3.9 3.6 5 - - 4.12    
Turbidity 13.2 13.4 14.3 14.8 22.5  - -  15.64     
 
G49           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 26.68 26.7 26.8 26.83 26.85  -  - 26.77 3.7 16.40 
Temperature 18.18 18.18 18.18 18.18 18.18 - - 18.18    
Chlorophyll 3 4.4 4.4 4.5 6.3 - - 4.52    
Turbidity 11.8 13.1 14 15 28.8  - -  16.54     
 
I42           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 25.54 25.55 25.62 25.76 25.75  -  - 25.64 3.5 16.50 
Temperature 18.25 18.25 18.24 18.23 18.23 - - 18.24    
Chlorophyll 6.1 5.4 5.6 5.8 7 - - 5.98    
Turbidity 19.4 21.3 24.3 33.6 43.6  - -  28.44     
 
TG           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 24.2 24.7 24.26 24.26 -  -   - 24.36 2.8 16.57 
Temperature 18.32 18.32 18.32 18.31 - - - 18.32     
Chlorophyll 6.2 5.6 5.2 6.3 - - - 5.83     
Turbidity 10.2 12.1 13 20.2  -  - -  13.88     
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L25           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 22.69 22.73 22.66 22.7 -   - -  22.70 3 17.05 
Temperature 18.36 18.35 18.36 18.35 - - - 18.36    
Chlorophyll 7.1 7 6.4 6.5 - - - 6.75    
Turbidity 9 10 9.7 12.1  - -   - 10.20     
 
V8           
  
Surface 1 2 3 4 5 6 Average Depth 
river (m) 
Time 
Salinity 20.25 21.16 22.68 22.36 -  - -  21.61 2.8 17.15 
Temperature 18.36 18.33 18.31 18.3 - - - 18.33    
Chlorophyll 9.5 7.8 6.9 6.5 - - - 7.68    
Turbidity 6.6 9.4 9.2 14  - -   - 9.80     
 
Z1           
  
Surface 1 2 3 4 5 6 Average Depth 
river (m) 
Time 
Salinity 17.69 17.73 21.59 24.74  -  - -  20.44 2.1 17.30 
Temperature 18.2 18.2 18.22 18.24 - - - 18.22     
Chlorophyll 11.7 11.7 9.1 5.7 - - - 9.55     
Turbidity 13.6 13.4 10.7 6  - -   - 10.93     
 
4th July 2016 – spring tide – low tide profiles (low tide 17.30) – extra profiles to check 
as some on falling tides  
A3          
  
Surface 1 2 3 4 5 Average Depth river 
(m) 
Time 
Salinity 28.97 29 29.08 29.07 29.09 29.08 29.05 4.6 17.40 
Temperature 18 17.99 17.99 17.99 17.98 17.98 17.99    
Chlorophyll 4.5 3.8 3.8 3.7 3.8 3.9 3.92    
Turbidity 7.6 12.1 12.8 13.3 14.3 18.4 13.08     
 
G49          
  
Surface 1 2 3 4 5 Average Depth river 
(m) 
Time 
Salinity 24.95 25 25.07 25.48 25.47 -  25.19 3.4 17.55 
Temperature 18.28 1828 18.28 18.26 18.26 - 380.22    
Chlorophyll 4.6 4.9 4.8 4.4 8 - 5.34    
Turbidity 8.7 9.7 10.3 12.4 17  - 11.62     
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15th July 2016 – Neap tide – high tide profiles (high tide 9.10) 
A3             
  
Surface 1 2 3 4 5 6 7 8 Average Depth river 
(m) 
Time 
Salinity 30.94 31.57 31.8 31.81 31.89 31.89 32.02 32.03 32.03 31.78 7.3 8.24 
Temperature 18.16 17.93 17.84 17.85 17.93 17.79 17.86 17.91 17.91 17.91    
Chlorophyll 2.4 2.6 2.8 2.5 1.7 1.8 1.5 3.8 6 2.79    
Turbidity 0.1 0.8 0.8 0.7 1 1 0.9 16.2 28.8 5.59     
 
D9             
  
Surface 1 2 3 4 5 6 7 8 Average Depth river 
(m) 
Time 
Salinity 31.14 31.26 31.48 31.59 31.61 31.73 31.74  -  - 31.51 6 8.40 
Temperature 18.1 18.03 17.97 17.96 17.95 17.9 17.91 - - 17.97    
Chlorophyll 2 1.9 2.5 3.1 2.3 2.1 1.7 - - 2.23    
Turbidity 0.4 0.5 0.6 0.6 0.6 0.7 2.6  - -  0.86     
 
HP20             
  
Surface 1 2 3 4 5 6 7 8 Average Depth river 
(m) 
Time 
Salinity 30.53 31.04 31.24 31.31 31.4 31.43 31.46  -  - 31.20 5.7 8.52 
Temperature 18.29 18.29 18.11 18.08 18.07 18.05 18.07 - - 18.14    
Chlorophyll 2.2 2.6 2.3 2.3 1.9 2.5 2.1 - - 2.27    
Turbidity 0 0.7 0.4 0.4 0.8 0.5 4.4  - -  1.03     
 
G49             
  
Surface 1 2 3 4 5 6 7 8 Average Depth river 
(m) 
Time 
Salinity 30.24 30.31 30.77 31 31.12 31.22 31.25 -  -  30.84 6 9.03 
Temperature 18.51 18.51 18.32 18.3 18.32 18.33 18.32 - - 18.37    
Chlorophyll 2.3 2.9 2.6 2.6 2.3 1.2 2.7 - - 2.37    
Turbidity 0 0 0 0.2 0.1 0.1 9.3  -  - 1.39     
 
I42             
  
Surface 1 2 3 4 5 6 7 8 Average Depth river 
(m) 
Time 
Salinity 29.77 30.13 30.45 31.01 31.08 31.11  -  - -  30.59 5 9.19 
Temperature 18.65 18.51 18.49 18.46 18.42 18.41 - - - 18.49    
Chlorophyll 3 2.8 2.4 1.7 1.4 3.8 - - - 2.52    
Turbidity 0 0 0.2 0.1 0.2 1.7  - -   - 0.37     
 
TG             
  
Surface 1 2 3 4 5 6 7 8 Average Depth river 
(m) 
Time 
Salinity 30 30.06 30.45 30.58 30.78 30.85 30.85 -   - 30.51 6.4 9.30 
Temperature 18.67 18.67 18.6 18.57 18.53 18.51 18.51 - - 18.58    
Chlorophyll 1.8 2.3 2.7 2.6 2 1.6 1.2 - - 2.03    
Turbidity 0 0.1 0.1 0.2 0.1 0.1 0.1  - -  0.10     
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L25             
  
Surface 1 2 3 4 5 6 7 8 Average Depth river 
(m) 
Time 
Salinity 28.52 29.05 29.69 30.14 30.28 30.29 - - - 29.66 5 9.45 
Temperature 18.83 18.69 18.74 18.69 18.68 18.69 - - - 18.72    
Chlorophyll 2.9 3 2.4 2.4 1.9 2.3 - - - 2.48    
Turbidity 0.1 0.1 0.1 0.1 0.2 2  - -   - 0.43     
 
V8           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 27.08 28.28 29.08 29.25 29.7 29.92 29.92 29.03 5.5 10.00 
Temperature 18.89 18.81 18.86 18.86 18.78 18.74 18.73 18.81    
Chlorophyll 4 4 3.3 3.6 3.2 1.9 2.4 3.20    
Turbidity 0 0.1 0.2 0.1 0.1 0.1 1.1 0.24     
 
Z1           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 27.86 28.19 28.75 29.05 29.35 29.43 29.44 28.87 5.4 10.12 
Temperature 19.1 19 18.88 18.85 18.82 18.8 18.81 18.89    
Chlorophyll 3.7 3.4 3.5 2.5 2.1 2.9 2.6 2.96    
Turbidity 0.2 0.3 0.4 0.3 0.7 4.7 3.9 1.50     
 
15th July 2016 – Neap tide – low tide profiles (low tide 13.55) 
A3           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 30.27 30.33 30.46 30.68 30.74 30.77 30.75 30.57 6.2 13.20 
Temperature 18.76 18.74 18.66 18.6 18.59 18.58 18.58 18.64    
Chlorophyll 2.5 2.9 2.9 2.7 2.9 1.9 2.4 2.60    
Turbidity 0.1 0 0.1 0.1 0.2 5.1 3.8 1.34     
 
D9          
  Surface 1 2 3 4 5 Average Depth river (m) Time 
Salinity 29.65 29.89 30.08 30.25 30.31 30.38 30.09 4.5 13.35 
Temperature 18.85 18.78 18.74 18.7 18.68 18.65 18.73     
Chlorophyll 2.9 3.8 2.8 2.5 2.1 2.1 2.70     
Turbidity 0.2 0.6 0.3 0.1 0.1 1.4 0.45     
 
HP19          
  Surface 1 2 3 4 5 Average Depth river (m) Time 
Salinity 29.1 29.12 29.35 29.98 29.99 -  29.51 3.8 13.47 
Temperature 19.03 19 18.9 18.77 18.77 - 18.89    
Chlorophyll 2.8 3.7 3 2 2.5 - 2.80    
Turbidity 0 0 0.1 0 1.1  - 0.24     
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G49          
  Surface 1 2 3 4 5 Average Depth river (m) Time 
Salinity 28.8 28.94 29.18 29.26 29.46  - 29.13 4 14.00 
Temperature 19.14 19.06 18.99 18.98 18.95 - 19.02    
Chlorophyll 3.1 4.1 3.8 3.4 2.2 - 3.32    
Turbidity 0.4 0.2 0.3 0.2 2.6  - 0.74     
 
I42          
  Surface 1 2 3 4 5 Average Depth river (m) Time 
Salinity 28.21 28.85 28.9 29.39 29.58  - 28.99 3.7 14.05 
Temperature 19.13 19.1 19.12 18.95 18.89 - 19.04    
Chlorophyll 3.6 4 3.3 1.9 2.4 - 3.04    
Turbidity 0 0.4 0.6 0.6 1  - 0.52     
 
TG          
  Surface 1 2 3 4 5 Average Depth river (m) Time 
Salinity 28.3 28.4 28.75 28.91 28.92 -  28.66 3.8 14.15 
Temperature 19.18 19.16 19.05 19.02 19.02 - 19.09    
Chlorophyll 4.2 3.6 3 2.4 2.3 - 3.10    
Turbidity 0.2 0.6 0.4 0.2 9.4  - 2.16     
 
L25          
  Surface 1 2 3 4 5 Average Depth river (m) Time 
Salinity 27.44 27.55 27.83 28.08 28.11 -  27.80 3.4 14.30 
Temperature 19.38 19.38 19.36 19.34 19.34 - 19.36    
Chlorophyll 4.4 4.6 3.7 2.9 2.8 - 3.68    
Turbidity 0.4 0.6 1 1 2.5  - 1.10     
          
          
V8          
  Surface 1 2 3 4 5 Average Depth river (m) Time 
Salinity 26.68 26.81 27.07 27.32 27.52 -  27.08 4 14.40 
Temperature 19.48 19.46 19.49 19.45 19.28 - 19.43    
Chlorophyll 6 6 4 3.4 2.8 - 4.44    
Turbidity 0.5 0.7 1 1.1 1.3  - 0.92     
          
Z1          
  Surface 1 2 3 4 5 Average Depth river (m) Time 
Salinity 26 26.59 27.66 27.85 27.9  - 27.20 3.5 14.50 
Temperature 19.52 19.34 19.24 19.17 19.8 - 19.41    
Chlorophyll 7.3 4.6 3.4 2.6 2.7 - 4.12    
Turbidity 0.4 0.7 1.5 1.3 3.4  - 1.46     
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12th October 2016 – Neap tide – high tide profiles (high tide 9.23) – Traffic issues 
made after high tide  
A3            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 33.08 33.07 33.1 33.14 33.14 33.12 33.14 33.16 33.12 6.5 9.30 
Temperature 14.44 14.46 14.54 14.58 14.59 14.62 14.66 14.79 14.59    
Chlorophyll 1.6 1.5 1.5 1.4 1.6 1.6 1.5 1.2 1.49    
Turbidity 1.3 1.5 1.5 1.5 1.4 1.3 1.6 3.5 1.70     
 
D9            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 32.82 32.82 32.8 32.8 32.81 32.86 32.89 32.88 32.84 6.5 9.44 
Temperature 14.6 14.6 14.6 14.6 14.63 14.73 14.78 14.78 14.67    
Chlorophyll 1.6 1.2 2.2 1.4 1.8 1.7 1.4 2.4 1.71    
Turbidity 1.2 1.3 1.1 1.4 1.4 1.5 2.3 2.1 1.54     
 
            
HP20            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 32.1 32.27 32.47 32.68 32.77 32.78 32.78 - 32.55 5.5 9.57 
Temperature 14.16 14.27 14.46 14.61 14.66 14.67 14.67 - 14.50   
Chlorophyll 1.2 1.3 1.6 1.6 1.3 1.3 1.6 - 1.41   
Turbidity 0.3 0.5 0.8 1.1 1.4 1.4 4.5 - 1.43   
 
            
G49            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 31.84 31.96 32.37 32.49 32.66 32.71 32.73 32.73 32.44 6.3 10.08 
Temperature 14.1 14.17 14.41 14.49 14.58 14.6 14.62 14.62 14.45    
Chlorophyll 1.1 1.3 1.2 1.4 1.2 1.5 1.2 1.7 1.33    
Turbidity 0.3 0.4 0.6 0.8 1 1.1 1.1 12 2.16     
 
 
 
 
 
           
I42            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 31.83 31.9 32.08 32.42 32.58 32.65 32.66 32.64 32.35 6.4 10.18 
Temperature 14.06 14.1 14.22 14.45 14.55 14.58 14.58 14.58 14.39    
Chlorophyll 1.8 1.5 1.4 1.1 1.2 1.1 1.3 3.5 1.61    
Turbidity 0.1 0.2 0.6 0.6 0.8 0.9 1 4.2 1.05     
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TG            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 31.69 31.74 31.78 31.87 32.2 32.21 32.34 - 31.98 5.8 10.30 
Temperature 13.94 13.95 13.97 14.03 14.26 14.35 14.37 - 14.12    
Chlorophyll 1.1 1.7 1.3 1 1.5 0.7 4.3 - 1.66    
Turbidity 0 0.2 0.1 0.2 0.3 0.4 8.3  - 1.36     
            
L25            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 30.99 31.02 31.34 31.81 31.86 31.9 - - 31.49 5 10.43 
Temperature 13.78 13.78 13.85 13.99 14 14.03 - - 13.91    
Chlorophyll 0.8 1.3 1.3 1.2 1.1 1 - - 1.12    
Turbidity -0.2 -0.2 0 0.1 0.1 0.8  - -  0.10     
 
            
V8            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 30.72 30.83 31.09 31.24 31.34 31.65 31.68 - 31.22 5.8 11.00 
Temperature 13.76 13.77 13.79 13.82 13.85 13.99 13.95 - 13.85    
Chlorophyll 1.2 1.3 0.9 1 0.8 1.1 1 - 1.04    
Turbidity -0.2 -0.1 0 0 0 -0.2 2.1  - 0.83     
 
            
Z1            
  
Surface 1 2 3 4 5 6 7 Average Depth river 
(m) 
Time 
Salinity 30.4 30.45 30.72 30.88 31.04 31.12 - - 30.77 5 11.11 
Temperature 13.71 13.71 13.74 13.76 13.78 13.81 - - 13.75    
Chlorophyll 1.1 0.8 1.2 1.2 1.3 1.3 - - 1.15    
Turbidity -0.2 -0.1 0 -0.1 0 5.4  - -  0.83     
 
12th October 2016 – Neap tide – low tide profiles (low tide 14.38)  
A3           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 31.88 31.88 31.88 31.89 32.02 32.04 - 31.93 5 13.23 
Temperature 14.18 14.17 14.18 14.18 14.24 14.26 - 14.20    
Chlorophyll 0.8 1.5 1.3 1.2 1.4 2.1 - 1.38    
Turbidity 0.7 0.8 0.9 1 1.4 1.6  - 1.07     
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D9           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 31.52 31.52 32.52 31.53 31.54 31.54 - 31.70 4.4 13.50 
Temperature 14.06 14.05 14.05 14.04 14.06 14.06 - 14.05    
Chlorophyll 0.5 1.4 1.4 1.4 1.7 1.2 - 1.27    
Turbidity 0.1 0.3 0.6 0.8 1.9 2.2  - 0.98     
 
           
HP20            
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 31.15 31.16 31.19 31.22 31.23 - - 31.19 3.3 14.04 
Temperature 13.95 13.96 13.97 13.98 14 - - 13.97    
Chlorophyll 1.8 1.5 1.8 1.6 2 - - 1.74    
Turbidity 0.1 0.2 0.3 0.6 4.2  - -  1.08     
 
           
G49            
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 30.84 30.99 30.99 31.01 31.05 - - 30.98 4 14.22 
Temperature 13.93 13.93 13.93 13.93 13.94 - - 13.93    
Chlorophyll 1.5 1.7 1.1 1.2 0.8 - - 1.26    
Turbidity 0.2 0.3 0.5 0.2 1.8  - -  0.60     
           
I42           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 30.81 30.95 30.99 31.02 31.07 - - 30.97 4 14.34 
Temperature 13.94 13.94 13.97 13.98 14.04 - - 13.97    
Chlorophyll 1.5 1.3 1.2 1.1 1.6 - - 1.34    
Turbidity 0.1 0.3 0.5 0.5 2.2  - -  0.72     
           
TG           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 30.36 30.46 30.66 30.96 30.95 - - 30.68 3.7 14.44 
Temperature 13.92 13.92 13.92 13.95 13.95 - - 13.93    
Chlorophyll 0.9 0.9 1.5 1.6 1.8 - - 1.34    
Turbidity 0.1 0.2 0.4 1 2.7  - -  0.88     
 
           
L25           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 30.03 30.11 30.12 30.15 - - - 30.10 3 14.55 
Temperature 13.91 13.91 13.91 13.9 - - - 13.91    
Chlorophyll 1.6 1.3 1.2 1.1 - - - 1.30    
Turbidity 0.2 0.4 0.5 0.5  - -   - 0.40     
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V8           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 29.54 29.57 29.65 29.72 29.78 - - 29.65 3.8 15.07 
Temperature 13.91 13.91 13.93 13.94 13.93 - - 13.92    
Chlorophyll 1.6 1.8 1.8 1.7 1.2 - - 1.62    
Turbidity 0.4 0.2 0.3 0.4 2.5  - -  0.76     
 
           
Z1           
  
Surface 1 2 3 4 5 6 Average Depth river 
(m) 
Time 
Salinity 28.8 29.49 29.91 30 30.02 - - 29.64 3.4 15.14 
Temperature 13.91 13.89 13.88 13.88 13.88 - - 13.89    
Chlorophyll 0.9 2 1.3 1.2 1.3 - - 1.34    
Turbidity 0.1 0.2 0.1 0.2 0.3  - -  0.18     
 
12th October 2016 – Neap tide – low tide profiles (low tide 14.38) – extra samples to 
compensate for falling tide 
Tide had turned for these two samples and was rising again.  
A3             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 31.9 31.97 32.04 32.43 32.5 32.52 32.53 - - 32.27 5.3 15.55 
Temperature 14.21 14.28 14.33 14.54 14.59 14.6 14.6 - - 14.45   
Chlorophyll 1.7 1.4 1.6 1.6 1.5 1.6  - - 1.57   
Turbidity 0.2 0.8 0.9 1.1 1.4 1.4  - - 0.97   
 
 
 
             
G49             
  
Surface 1 2 3 4 5 6 7 8 Average Depth 
river (m) 
Time 
Salinity 31.33 31.35 31.36 31.46 31.49 31.5 - - - 31.42 4.8 15.35 
Temperature 14.02 14.02 14.03 14.06 14.07 14.07 - - - 14.05   
Chlorophyll 0.9 1.2 1.4 1.3 1.4  - - - 1.24   
Turbidity 0.1 0.2 0.3 0.5 0.4  - - - 0.30   
 
21st October 2016 – Spring tide – low tide profiles (low tide 7.51-8.20) – Water sport 
staff late, so late setting off to sample 
A3           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 32.17 32.37 32.4 32.43 32.56 - - 32.39 4 9.33 
Temperature 13.16 13.17 13.17 13.17 13.17 - - 13.17   
Chlorophyll 1.6 1.9 1.7 2.1 2.6 - - 1.98   
Turbidity 6.9 7.2 8.4 8.8 13.3 - - 8.92   
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D9           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 32.33 32.37 32.41 32.41 32.44 - - 32.39 4 9.44 
Temperature 13.06 13.06 13.06 13.06 13.06 - - 13.06   
Chlorophyll 1.8 1.6 1.9 1.6 2 - - 1.78   
Turbidity 6.5 7.5 8.1 8.1 11 - - 8.24   
 
           
HP20           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 31.97 31.98 32.04 32.05 32.05 - - 32.02 3.5 9.55 
Temperature 13 13 13.01 13.01 13.01 - - 13.01   
Chlorophyll 1.6 1.6 1.7 1.6 5.7 - - 2.44   
Turbidity 6.3 6.2 7.8 8.5 - - - 7.20   
 
           
G49           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 31.7 31.72 31.73 31.75 31.76 - - 31.73 3.8 10.01 
Temperature 12.97 12.97 12.97 12.98 12.99 - - 12.98   
Chlorophyll 1.9 1.8 1.8 1.8 3.2 - - 2.10   
Turbidity 4.7 4.9 5.1 5.5 - - - 5.05   
 
           
I42           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 31.59 31.59 31.61 31.61 31.63 - - 31.61 4 10.11 
Temperature 12.95 12.95 12.96 12.96 12.96 - - 12.96   
Chlorophyll 1.3 1.2 2 2.2 2.8 - - 1.90   
Turbidity 3.6 3.8 4 4.4 35 - - 3.95   
 
           
TG           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 31.45 31.51 31.56 31.56 31.56 - - 31.53 3.7 10.15 
Temperature 12.92 12.93 12.95 12.95 12.96 - - 12.94   
Chlorophyll 0.8 1 1.8 1.9 - - - 1.38   
Turbidity 4.4 4.9 5 5.4 - - - 4.93   
 
           
L25           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 30.87 30.94 31.07 31.09 31.11 - - 31.02 3.4 10.23 
Temperature 12.81 12.82 12.85 12.86 12.87 - - 12.84   
Chlorophyll 1 1.2 1.6 1.3 2 - - 1.42   
Turbidity 3 3.2 3.5 3.8 6.2 - - 3.94   
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V8           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 29.47 30.32 30.47 30.63 30.67 - - 30.31 3.8 10.35 
Temperature 12.56 12.7 12.72 12.78 12.8 - - 12.71   
Chlorophyll 1.9 2.1 1.9 1.6 4.2 - - 2.34   
Turbidity 2.1 3.9 3.8 3.6 30 - - 3.35   
           
Z1           
  Surface 1 2 3 4 5 6 Average Depth river (m) Time 
Salinity 29.83 29.95 30.2 30.08 30.1 - - 30.03 5 10.41 
Temperature 12.66 12.65 12.73 12.73 12.72 - - 12.70   
Chlorophyll 1.6 2.3 1.8 1.7 2 - - 1.88   
Turbidity 1.7 2.7 3.6 3.2 3.6 - - 2.96   
           
21st October 2016 – Spring tide – high tide profiles (high tide 15.00-16.00)  
A3            
  
Surfac
e 1 2 3 4 5 6 7 
Averag
e 
Depth river 
(m) 
Tim
e 
Salinity 33.31 33.3 
33.3
2 
33.3
2 
33.3
2 
33.3
4 
33.3
4 
33.3
4 33.32 6.4 
13.5
5 
Temperatur
e 13.79 
13.7
8 
13.7
9 
13.7
9 
13.7
9 13.8 13.8 13.8 13.79    
Chlorophyl
l 2.3 1.9 2.4 2.6 2.7 2.9 2.8 3.4 2.63    
Turbidity 14.8 13.6 15.4 16.2 17.1 18.7 19.9 43.9 19.95     
            
D9            
  Surface 1 2 3 4 5 6 7 Average Depth river (m) Time 
Salinity 33.21 33.21 33.21 33.21 33.21 33.21 33.21 - 33.21 6 14.10 
Temperature 13.78 13.78 13.78 13.78 13.78 13.77 13.77 - 13.78    
Chlorophyll 1.6 2.2 1.9 2 2 1.9 2.3 - 1.99    
Turbidity 12.7 13.1 12.5 13.6 13.9 14.2 17.2  - 13.89     
            
HP20            
  Surface 1 2 3 4 5 6 7 Average Depth river (m) Time 
Salinity 33.3 33.3 33.3 33.3 33.31 33.31 33.31 - 33.30 5.8 14.15 
Temperature 13.72 13.72 13.72 13.72 13.71 13.71 13.71 - 13.72    
Chlorophyll 2.1 1.4 2.4 2.2 2.3 1.9 2 - 2.04    
Turbidity 9.8 10 11.2 11.7 12.7 12.8 17.6  - 12.26     
 
            
G49            
  Surface 1 2 3 4 5 6 7 Average Depth river (m) Time 
Salinity 33.32 33.32 33.32 33.33 33.33 33.32 33.32 - 33.32 6 14.21 
Temperature 13.65 13.65 13.66 13.67 13.67 13.66 13.66 - 13.66    
Chlorophyll 1.4 2.1 2.4 2.4 2 2.2 wake - 2.08    
Turbidity 9.2 8.4 9.2 9.8 9.4 9.5 wake  - 9.20     
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I42            
  Surface 1 2 3 4 5 6 7 Average Depth river (m) Time 
Salinity 32.25 32.29 33.33 33.33 33.33 33.33 33.33 33.32 32.91 6.4 14.33 
Temperature 13.53 13.6 13.65 13.64 13.63 13.65 13.65 13.64 13.62    
Chlorophyll 1.6 2 2.1 1.8 1.9 2 2.7 2.6 2.09    
Turbidity 8.4 8.5 9.9 9.9 9.9 10.1 18.6 22 12.16     
            
 
            
TG            
  Surface 1 2 3 4 5 6 7 Average Depth river (m) Time 
Salinity 32.99 33.25 33.16 33.19 33.32 33.32 33.31 - 33.22 6 14.45 
Temperature 13.45 13.58 13.54 13.54 13.64 13.63 13.63 - 13.56    
Chlorophyll 1.6 1.8 1.4 2.1 1.6 1.7 2.7 - 1.84    
Turbidity 4.8 7.1 6.9 6.8 8.3 8.3 20.2  - 8.91     
            
L25            
  Surface 1 2 3 4 5 6 7 Average Depth river (m) Time 
Salinity 32.85 32.88 32.94 32.94 32.98 33 33.01 - 32.94 6 14.53 
Temperature 13.36 13.37 13.39 13.39 13.41 13.41 13.42 - 13.39    
Chlorophyll 1.5 1.5 1.9 1.8 2.1 1.4 2.2 - 1.77    
Turbidity 4 4.6 4.9 5.4 5.7 5.8 10  - 5.77     
            
V8            
  Surface 1 2 3 4 5 6 7 Average Depth river (m) Time 
Salinity 30.9 31.43 31.69 31.76 31.95 32.32 32.52 - 31.80 6 15.00 
Temperature 13.04 13.12 13.14 13.15 13.18 13.24 13.26 - 13.16    
Chlorophyll 1.4 1.4 1.7 1.8 1.4 1.3 2.2 - 1.60    
Turbidity 1.5 2.2 2.8 3 3.3 3.9 6  - 3.24     
 
            
Z1            
  Surface 1 2 3 4 5 6 7 Average Depth river (m) Time 
Salinity 31.89 31.87 31.91 31.93 31.94 31.97 31.98 - 31.93 5.6 15.15 
Temperature 13.12 13.12 13.12 13.12 13.13 13.13 13.14 - 13.13    
Chlorophyll 1.4 1.8 1.1 1.1 1.6 1.9 1.4 - 1.47    
Turbidity 2.7 3.6 3.7 3.8 3.7 4 3.9  - 3.63     
 
21st October 2016 – Spring tide – high tide and falling tide upstream of piles  
Cabin Boatyard         
  Surface 1 2 3 4 Average Depth river (m) Time 
Salinity 29.84 29.96 29.96 30.04 30.04 29.97 3.5 10.50 
Temperature 12.66 12.67 12.69 12.71 12.71 12.69    
Chlorophyll 1.2 1.9 1.8 1.7 1.4 1.60    
Turbidity 2.2 2.4 2.9 2.9 11 4.28     
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Foulkes Boatyard         
  Surface 1 2 3 4 Average Depth river (m) Time 
Salinity 29.72 29.75 29.76 29.75 - 29.75 3 10.55 
Temperature 12.66 12.66 12.66 12.66 - 12.66    
Chlorophyll 1.5 1.5 1.4 2.4 - 1.70    
Turbidity 2 2.8 2.5 4.2  - 2.88     
 
 
 
         
Last mooring         
  Surface 1 2 3 4 Average Depth river (m) Time 
Salinity 29.57 29.8 29.83 29.86 29.89 29.79 3.3 11.05 
Temperature 12.62 12.67 12.68 12.69 12.69 12.67    
Chlorophyll 1.8 1.3 1.2 1.6 2 1.58    
Turbidity 1.8 2.2 2.5 2.6 3.3 2.48     
 
         
MF 1         
  Surface 1 2 3 4 Average Depth river (m) Time 
Salinity 27.71 28.44 29.21 - - 28.45 1.8 11.10 
Temperature 12.27 12.44 12.56 - - 12.42    
Chlorophyll 1.4 2 1.9 - - 1.77    
Turbidity 1.6 3 3.9  -  - 2.83     
 
         
MF 2         
  Surface 1 2 3 4 Average Depth river (m) Time 
Salinity 26.25 27.27 27.36 - - 26.96 2 11.25 
Temperature 12.18 12.25 12.26 - - 12.23    
Chlorophyll 1.1 2.7 8.8 - - 4.20    
Turbidity 2.2 2.6 6.1  - -  3.63     
         
MF 3         
 Surface 1 2 3 4 Average Depth river (m) Time 
Salinity 26.79 29.76 29.79 - - 28.78 2 12.30 
Temperature 12.62 12.76 12.75 - - 12.71    
Chlorophyll 1.9 1.3 2 - - 1.73    
Turbidity 1.9 2.3 5.3  - -  3.17     
 
         
MF 4         
  Surface 1 2 3 4 Average Depth river (m) Time 
Salinity 28.21 29.73 29.74 29.74 - 29.36 2.4 13.00 
Temperature 12.62 12.76 12.76 12.76 - 12.73    
Chlorophyll 1.9 2.1 1.8 5 - 2.70    
Turbidity 1.3 1.8 1.6 10.3  - 3.75     
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Appendix 20 – In-situ experiment images 
Anodes used in experiment – supplied by MGDuff 
 
 
Set up of experiment  
 
   
 
 
 
 
 
 
 
 
Instalment of anodes (February 2016) 
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After four Months of deployment and calcareous build up present on anodes 
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Appendix 21 – Laboratory anode current experiments  
Current experiments were attempted on the laboratory anode experiment, but due to the 
layout and the anodes being under water. It was not possible to obtain accurate results. The 
results obtained however can be seen below.  
Table A21.1: Laboratory anode current experiments 
Salinity/anode Sheet V DC V u DC A 
32 Salinity     
8 B sheet 6 -0.445 0.35 3.4 
4 A sheet 6 -0.34 0.33 2.6 
4 B Sheet 5 -0.336 0.34 3 
Control sheet 2  0.101 1.24 -2.3 
     
5 Salinity     
8 A sheet 6 0.511 1.04 3 
3 A sheet 5 0.416 1.07 4 
3 B sheet 5 0.489 0.96 3.5 
Control sheet 2  0.157 1.54 1 
     
Freshwater     
7 A sheet 3 0.304 1.24 0.7 
  0.214 1.29 -1.4 
1A sheet 3 -0.101 1.35 1.2 
1B sheet 7 -0.132 1.31 -2.3 
Control sheet 2  -0.022 1.71 0.1 
     
25 Salinity     
7 B sheet 3 -0.29 0.41 1.4 
5 A sheet 7 0.385 0.4 1.5 
5 B sheet 7 0.3 0.4 -1.6 
Control sheet 4 0.08 0.66 -0.1  
     
  V DC V u DC A 
15 Salinity     
9 A sheet 7 0.381 0.96 0.1 
6A sheet 4 0.52 0.91 4 
6B sheet 4 0.241 0.93 -0.4 
Control sheet 2  0.111 1.37 0.6 
     
20 Salinity     
9 B sheet 9 -0.41 0.43 -1.8 
2A sheet 8 0.036 0.43 -1.4 
2B sheet 8 0.318 0.42 6.9 
Control sheet 8  0.102 1.28 0.5 
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Appendix 22 – Laboratory experiment  
The laboratory experiment was set up to monitor anode corrosion in different salinities, to 
determine corrosion rates. The anodes were analysed using XRF before and after 
deployment full results of these can be seen below (Table A22.1 and A22.2). Steel sheets 
were used as the cathode in the laboratory experiment, XRF analyses of these sheets 
identified the types of steel they were (Table A22.3). The sheets had below and above 
water analysed after the experiment using XRF to determine zinc build up upon them. 
Table A22.1: Laboratory anodes metal content pre-deployment 
Elemen
t 
Standa
rd 
Anode 
1 
Anode 
2 
Anode 
3 
Anode 
4 
Anode 
5 
Anode 
6 
Anode 
7 
Anode 
8 
Anode 
9 
Zn 99.312 98.27 97.76 97.62 98.03 97.01 97.98 97.74 97.82 98.08 
Al 0.5 - - 0.99 0.64 0.63 1.43 0.70 0.67 0.51 
Si - 1.31 1.37 1.37 1.27 2.22 - 1.47 1.43 1.34 
Fe 0.005 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
Cd 0.07 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.04 0.04 
Cu - 0.02 - - - - - - - - 
Pb 0.006 - - - - - - - - - 
Other 
total 0.1 1.33 1.37 1.37 1.27 2.22 0 1.47 1.43 1.34 
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Table A22.2: XRF anode metal content laboratory experiment post deployment 
  Freshwater Salinity 5 Salinity 15 
Element Standard Anode 
1A 
Sd Anode 
1B 
Sd Anode 
7A 
Sd Anode 
3A 
Sd Anode 
3B 
Sd Anode 
8A 
Sd Anode 
6A 
Sd Anode 
6B 
Sd Anode 
9A 
Sd 
Zn 99.312 98.76 0.78 98.90 0.59 99.03 0.45 91.37 1.51 93.40 0.87 94.98 3.21 96.41 2.95 93.37 1.67 96.04 4.57 
Al 0.5 - - - - - - 7.03 1.50 5.31 0.92 6.19 - 5.15 - 4.50 - 5.16 - 
Si - 0.22 0.25 0.38 0.03 0.37 0.03 0.29 0.06 0.24 0.06 0.39 0.04 0.29 0.01 0.49 0.02 0.46 0.01 
Fe 0.005 0.29 0.11 0.16 0.01 0.15 0.02 0.03 0.01 0.06 - 0.12 - 0.05 0.04 0.30 - 0.03 - 
Cd 0.07 0.06 0.01 0.05 0.01 0.06 0.01 0.17 0.05 0.25 0.13 0.23 0.16 0.24 0.11 0.35 0.25 0.13 0.01 
Cr - 0.03 0.01 0.03 0.01 0.03 0.01 0.02 - 0.02 - 0.03 - 0.02 0.00 - - 0.03 - 
V - - - - - - - - - 0.01 - - - - - - - 0.05 - 
W - - - - - - - 1.04 0.12 - - - - - - 1.06 0.07 1.32 - 
Cu - 0.04 0.00 0.03 - 0.03 - - - - - - - - - - - - - 
Ti - 0.04 0.00 0.05 0.01 0.04 0.00 0.02 0.00 0.03 0.01 0.03 0.01 0.03 0.01 - - 0.03 - 
Pb 0.006 - - - - - - 0.03 0.00 0.04 0.02 0.02 - 0.03 0.01 0.04 0.01 0.02 - 
Other 
total 0.1 0.33 0.26 0.47 0.01 0.45 0.01 1.36 0.05 0.28 0.08 0.43 0.07 0.33 0.01 1.55 0.09 1.17 0.92 
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Table A22.2 continued: XRF anode metal content laboratory experiment post deployment  
 
 
 Salinity 20 Salinity 25 Salinity 32 
Element  Standard Anode 
2A 
Sd Anode 
2B 
Sd Anode 
9B 
Sd Anode 
5A 
Sd Anode 
5B 
Sd Anode 
7B 
Sd Anode 
4A 
Sd Anode 
4B 
Sd Anode 
8B 
Sd 
Zn 
 
99.312 94.43 2.45 95.58 3.17 94.78 1.07 95.03 3.27 97.32 0.18 95.31 0.45 92.74 0.45 94.39 0.27 94.14 2.82 
Al 
 
0.5 4.06 3.82 5.33 - 2.87 1.14 5.97 - - - 4.16 0.59 5.22 0.34 4.43 0.81 6.41 - 
Si 
 
- 0.32 0.04 0.30 - 0.45 - 0.79 0.33 - - 0.34 0.08 0.33 - - - 0.41 - 
Fe 
 
0.005 0.08 0.08 0.12 0.13 0.07 0.01 0.16 0.11 0.16 0.11 0.03 0.01 0.12 0.14 0.05 0.04 0.16 0.08 
Cd 
 
0.07 0.30 0.16 0.18 0.04 0.22 0.12 0.19 0.02 0.26 0.03 0.11 0.04 0.33 0.21 0.33 0.22 0.31 0.21 
Cr 
 
- 0.02 - 0.02 - 0.03 - 0.02 - 0.03 0.00 0.01 - 0.02 0.01 0.01 - 0.03 - 
V 
 
- - - - - - - - - - - - - - - - - - - 
W 
 
- 1.24 - 1.66 - 1.77 0.42 1.46 - 2.05 0.21 - - 1.24 0.18 1.28 - - - 
Cu 
 
- 0.07 - - - - - 0.13 - 0.14 0.11 - - - - - - - - 
Ti 
 
- 0.03 0.01 0.03 0.01 0.03 0.01 0.02 0.001 0.03 0.00 0.01 - 0.03 0.01 0.07 0.04 0.02 0.01 
Pb 
 
0.006 0.03 0.00 0.02 0.00 0.03 0.01 0.02 - 0.03 0.00 0.03 0.01 0.04 0.01 0.04 0.01 0.03 0.00 
Other 
total 
 
0.1 1.01 0.99 1.02 0.99 2.04 0.08 1.62 0.81 2.25 0.09 0.35 0.10 1.45 0.40 0.72 0.86 0.24 0.25 
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Table A22.3: Steel types identified by XRF analyse 
Sheet Number Steel type 
Sheet 1 LA-C Steel 2.7 
Sheet 2 LA-C Steel 3.1 
Sheet 3 LA-C Steel 2.8 
Sheet 4 LA-C Steel 2.8 
Sheet 5 LA1141/44   LA 1117 
Sheet 6 LAC steel 3.8 
Sheet 7 LAC Steel 3.1 
Sheet 8 LAC Steel 2.8 
 
Table A22.4: Metal content of sheets before deployment  
Metal Sheet 1 Sheet 2 Sheet 3 Sheet 4 Sheet 5 Sheet 6 Sheet 7 Sheet 8 
Si -  - 1.1 1.08 1.06 1.09 1.07 0.973 
P - - 0.019 0.017 0.022 0.025  -  - 
S 0.052 0.042 -  0.05 0.088 0.068 0.048 0.056 
Cr 0.013 0.02 -  0.012 0.025 0.094 0.018 0.014 
Mn 0.154 0.162 0.189 0.19 0.178 0.178 0.156 0.164 
Fe 97.28 97.81 97.81 97.8 98.14 97.71 97.84 97.96 
Cu 0.019 0.016  - - 0.035 0.039 0.016 - 
Zn - 0.009  - - 0.008 - 0.034 - 
Co - -  - -  - 0.024 -  - 
LEC 0.75 0.25 0.75  - 0.425 0.75 0.75 0.75 
 
The steel sheets tended to get a calcareous/zinc chloride build up on the section below the 
tank water line. The zinc content was significantly higher in these regions.  
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Table A22.5: Freshwater laboratory sheet metal composition post deployment  
  Sheet 3 Anode 7A Sheet 3 Anode 1A  Sheet 7 Anode 1B Control sheet 2 
Meta
l 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Si 0.31 0.27 0.28 0.31 0.23 0.34 0.31 0.9 
S 0.04 0.07 0.05 0.07  - 0.05  - 0.1 
Cr 0.04 0.04 0.06 0.04 0.06 0.03 0.03 0.03 
Mn 0.18 0.13 0.19 0.13 0.17 0.11 0.16 0.14 
Fe 98.36 62.76 98.54 55.91 98.7 54.05 98.61 82.24 
Cu 0.04 0.15 0.04 0.14  - 0.12 0.03 0.14 
Zn 0.18 36.2 - 42.96 0.04 44.84 0.12 16.27 
Co -  0.36 - 0.45  - 0.46 -  0.18 
LEC 0.75 - 0.75 -  0.75 -  0.75  - 
 
Table A22.6: Salinity 5, laboratory sheet metal composition post deployment  
 Sheet 5 Anode 3A  Sheet 5 Anode 3B  Sheet 6 Anode 8A  Control sheet 2 
Meta
l 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Si 0.25 0.27 0.28 0.25 0.2 0.26 0.31 0.3 
S 0.05 0.32 - 1.46 0.04 0.51 0.04 1.47 
Cr 0.03 0.03 0.04 0.04 0.06 0.04 0.04 0.07 
Mn 0.2 0.15 0.19 0.1 0.18 0.13 0.02 0.12 
Fe 98.59 75.95 98.59 56.82 98.68 67.56 99.11 78.65 
Cu - 0.23 - 0.11 0.05 0.1  - 0.18 
Zn 0.14 22.97 0.04 40.82 0.04 31.07 0.33 18.89 
Co - 0.08 - 0.4 - 0.34  - 0.25 
LEC 0.75 -  0.75 -  0.75  - -   - 
 
Table A22.7: Salinity 15, laboratory sheet metal composition post deployment  
 Sheet 4  anode 6A Sheet 4 anode 6B Sheet 7  anode 9A Control sheet 2 
Metal R1 R2 Avg  Sd Below 
water 
R1 R2 Avg Sd R1 R2 Avg Sd Above 
water 
Below 
water  
Rust 
Si 0.72 0.34 0.53 0.27 1.02 1.37 0.31 0.84 0.75 0.43 0.31 0.37 0.08 0.31 0.55 0.30 
S 0.18 0.03 0.11 0.11 0.14 0.22 - 0.22 - -  0.10 0.10 -  - - 0.10 
Cr 0.03 0.04 0.03 0.01 0.04 0.05 0.06 0.05 0.01 0.04 0.01 0.03 0.02 -  0.03 0.05 
Mn 0.18 0.18 0.18 0.00 0.13 0.17 0.19 0.18 0.01 0.14 0.13 0.14 0.01 0.15 0.13 0.13 
Fe 98.95 98.27 98.61 0.48 93.32 96.15 98.41 97.28 1.60 98.20 95.94 97.07 1.60 98.54 80.16 86.03 
Cu  - -  - -  - -  - -  - -  0.04 0.04 - -  0.59 0.13 
Zn 0.84 0.27 0.55 0.40 3.45 0.80 0.16 0.48 0.45 0.28 2.80 1.54 1.78 0.03 18.07 12.97 
Co 1.04  - 1.04  - 1.75 1.19 - 1.19 -  - 0.60 0.60 - -  0.29 0.29 
Zr 0.01 -  0.01 - 0.03 0.02 0.75 0.39 0.52 0.75 - 0.75 - 0.75 - -  
LEC -  0.75 0.75 -   -  -  -  -  -  - -  -   -  - -  -  
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Table A22.8: Salinity 20, laboratory sheet metal composition post deployment  
 Sheet 8 anode 9B sheet 8 anode 2B  Sheet 8 anode 2A Control sheet 8 
Metal 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Si 0.22 0.29 0.28 0.43 0.26  - 0.37 -  
P  - -  - -  - -  - 0.11 
S 0.04  - 0.1  - 0.06 -  0.05 4.45 
Cr 0.04 0.02 0.04 0.02 0.03 0.01 0.03 0.02 
Mn 0.15 0.06 0.15 0.06 0.17 0.07 0.15 0.11 
Fe 98.48 41.76 98.56 38.89 99 38.48 99.01 72.02 
Cu  - 0.13 - 0.3 - 0.22 - 0.31 
Zn 0.32 57.19 0.82 59.63 0.47 60.55 0.18 22.46 
Co -  0.49 - 0.58 - 0.52 0.19 0.35 
Zr  -  - -  - - -  - -  
LEC 0.75 -   -  - -   - -  -  
 
Table A22.9: Salinity 25, laboratory sheet metal composition post deployment  
 Sheet 3 anode 7B Sheet 7 anode 5A Sheet 7 anode 5B Sheet 4 control 
Metal 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Si 0.33 0.37 0.27 0.26 0.22 0.26 0.19 - 
S - - 0.06 - - - 0.04 1.24 
Cr 0.07 0.02 0.07 0.02 0.05 0.02 0.03 0.07 
Mn 0.16 0.11 0.16 0.05 0.14 0.05 0.2 0.16 
Fe 98.44 48.5 98.73 32.8 98.64 32.8 98.58 72.98 
Cu 0.05 0.18 0.04 0.28 0.03 0.24 - 0.5 
Zn 0.06 50.22 0.56 62.35 0.14 66.01 0.19 24.5 
Co - 0.6 - - - 0.62 - 0.36 
LEC 0.75 - - - - 0.75 0.75 - 
 
Table A22.10: Salinity 32, laboratory sheet metal composition post deployment  
 Sheet 6 anode 8B Sheet 6 anode 4A Sheet 5 anode 4B Control sheet 2 
Metal 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Above 
water 
Below 
water 
Si 0.21 0.3 0.15 - 0.3 - 0.29 0.28 
S - - - - - - - - 
Cr - - 0.1 - 0.08 - - 3.27 
Mn 0.05 0.02 0.09 0.02 0.06 0.02 0.03 0.03 
Fe - 0.08 0.18 0.06 0.22 0.08 0.14 0.13 
Cu 98.59 41.11 97.76 46.32 97.23 43.4 98.44 74.43 
Zn 0.04 0.07 0.3 0.08 - 0.06 - 0.05 
Co 0.03 57.83 0.62 52.74 1.96 55.71 0.31 21.47 
Zr - - - 0.59 - 0.58 - 0.29 
LEC 0.75 - - 0.75 - - 0.75 - 
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Appendix 23 - XRF and ICP analyse of zinc chloride/calcium anodes 
Table A23.1: Metal content of calcium build up on anodes 
 Element  µg/g 
Sample Fe Cu Zn Cd Mn Pb Cr Al As Cl Ca 
ICP-OES in-situ 402 8.60 53663 482 4.73 21.53 0.72 7504 0  - -  
XRF in-situ 1829 LOD 377236 1943 LOD 107.08 96.71 2997 37.9 27574 3526 
XRF Laboratory 720 126 323002 LOD LOD LOD 92.52 7141 32.8 16469 10109 
XRF Laboratory 3101 14.56 13962 16.53 LOD LOD LOD 15338 LOD 73698 78008 
XRF Laboratory 1455 LOD 8361 LOD LOD LOD LOD 12339 LOD 36908 54825 
LOD = below limit of detection 
During the course of the in-situ and laboratory anode experiments a calcareous and zinc 
chloride layer formed on the anodes and in the laboratory experiments case, the tank also.  
Boat owners have often indicated this layer forms on their anodes but this layer generally 
should not prevent corrosion as it consists of the corroding anode. If the vessel is stationary 
for long time periods and this layer hardens it could however affect corrosion rates 
(Rousseau et al., 2009; Rees et al., 2017).  
This calcareous/zinc chloride layer was analysed for its metal content using XRF and ICP-
OES analysis to determine the levels of metals leaching out of anodes. Zinc levels within 
this build up from both experiments ranged between 8361-377236µg/l. The levels 
observed on the ICP-OES sample was lower than that of the XRF at 53663µg/l, but was 
still considerably high. This shows the large amount of zinc that is being released from 
anodes, this zinc chloride is normally washed from the anodes as the vessel moves through 
the water and released into the estuary. The zinc levels in the laboratory experiment varied, 
this is likely due to the size of the zinc pieces in the sample and the corrosion rates of the 
anodes at the time of sampling. Cadmium which is also present within anodes in small 
concentrations (Solent anodes, 2017), had high levels within the estuary in-situ experiment 
but was either low in comparison or below the limit of detection in the laboratory 
experiments. Cadmium was present in all anodes when analysed using XRF analysis of 
their metal content. The XRF levels of cadmium (1943µg/l) were also higher than the ICP-
OES levels (482µg/l). The cadmium levels were however high in both analysis methods, 
which indicates cadmium levels within the Hamble could be raised due to anodes, despite 
levels being relatively low in sediment samples. The cadmium levels observed on the 
anodes are higher than what could corrode from one anode, which suggests along with the 
calcium and chlorine levels observed that metals and contaminates within the estuary could 
precipitate out onto the anodes. This is also suggested by the presence of copper and 
arsenic in some of the samples which is not present within anodes. Copper levels observed 
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within the laboratory experiment could be from levels within the water used from the 
experiment or the corrosion of the steel sheets used within the experiments. The metals 
levels within the water samples are however likely to be low compared to the levels seen 
within this calcareous build up.  
The metal content of this calcareous build up was similar to the zinc levels observed within 
the SPM samples from the Hamble estuary.  
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Appendix 24 – XRF analyse of new anodes  
The first table summarises the new anodes analysed by XRF, whilst the tables thereafter 
shows replicates for each anode in the first table. The images of the anodes have been 
included as visual aid to the anode types analysed.  The tables display the XRF replicate 
results for each anode.  
Table A24.1: XRF analyse new anodes 
Element standard 
% 
ZD77 
Solent 
anodes 
Sd ZD77 Pear 
Homemade 
Sd Piranha 
1 
Sd Piranha 
2 
Sd MGDuff 
prop 
Sd Volvo 
Penta 
Sd 
Zn 99.32 96.82 0.88 98.02 0.44 96.99 1.16 97.73 1.10 96.78 1.00 98.66 0.39 
Si  1.19 0.37 0.94 0.18 1.05 0.38 0.70 0.06 1.42 0.58 0.81 0.12 
Al 0.1-0.5 1.43 0.68 0.85 0.08 2.16 0.76 1.90 0.40 1.58 0.37 1.02 - 
V - 0.06 0.06 0.05 0.02 0.04 0.02 0.04 0.03 0.02 - 0.04 0.02 
Cd 0.07 0.04 0.01 0.03 0.00 0.04 0.01 0.04 0.00 0.05 0.01 - - 
Cr - 0.11 0.07 0.08 0.04 0.08 0.03 0.02 0.00 0.10 0.06 0.03 0.01 
W - 0.83 - - - - - - - - - - - 
P - - - - - - - - - 0.07 0.00 - - 
Fe 0.005 0.03 - 0.03 - 0.09 0.08 0.05 0.02 0.03 0.01 - - 
Ti - - - 0.01 0.01 0.01 - - - 0.02 0.01 0.01 0.00 
Cu - - - - - - - - - 0.06 - - - 
Co - 0.01 - - - - - - - - - - - 
Zr - - - - - - - - - - - - - 
Pb 0.006 - - - - - - - - - - - - 
Other  0.1 1.62 0.7 1.04 0.17 1.12 0.36 0.74 0.08 1.61 0.59 0.87 0.16 
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Anode 1 – Pear anode 
 
 
Table A24.2: XRF analyse 
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 96.74 97.74 95.99 96.82 0.88 
Si - 1.15 0.84 1.58 1.19 0.37 
Al 0.1-0.5 0.97 1.1 2.21 1.43 0.68 
V - 0.11 - 0.02 0.06 0.06 
Cd 0.07 0.03 0.04 0.04 0.04 0.01 
Cr - 0.18 0.03 0.12 0.11 0.07 
W - 0.83 - - 0.83 - 
Fe 0.005 - 0.03 - 0.03 - 
Co - - 0.01 - 0.01 - 
Pb 0.006 - - - - - 
Other total 0.1 2.26 0.88 1.72 1.62 0.7 
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Anode 2 – Pear anode homemade, purchased at boat jumble  
 
 
 
Table A24.3: XRF analyse of Pear anode homemade  
 
Element Zn 
standard % 
R1 R2 R3 R4 Average Sd 
Zn 99.319 97.36 98.2 98.25 98.27 98.02 0.44 
Si - 1.16 1 0.81 0.78 0.94 0.18 
Al 0.1-0.5 0.94 - 0.8 0.81 0.85 0.08 
V -- 0.06 0.03 0.07 0.05 0.05 0.02 
Cd 0.07 0.03 0.03 0.03 0.02 0.03 0.00 
Cr - - 0.1 - 0.05 0.08 0.04 
Fe 0.005 - 0.03 - - 0.03 - 
Ti - - 0.01 0.02 0.01 0.01 0.01 
Pb 0.006 - - - - - - 
Other total 0.1 1.22 1.14 0.9 0.89 1.04 0.17 
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Anode 3 and 4–hull anodes  
 
 
 
 
Table A24.4: XRF analyse  
Element Zn 
standard 
% 
R1 R2 R3 R4 R5 R6 R7 Average Sd 
Zn 99.319 96.60 95.74 96.94 99.1 96.61 97.91 96.00 96.99 1.16 
Si - 1.88 1.04 0.89 0.76 1 0.99 0.78 1.05 0.38 
Al 0.1-0.5 1.59 2.96 1.23 - 2.16 - 2.87 2.16 0.76 
V - - 0.02 0.05 - - - - 0.04 0.02 
Cd 0.07 0.04 - 0.04 0.03 0.07 0.03 0.04 0.04 0.01 
Cr - - - 0.05 0.07 0.12 0.08 0.07 0.08 0.03 
Fe 0.005 0.03 0.18 0.10 0.02 0.03 0.03 0.22 0.09 0.08 
Ti - 0.01 - - - - - - 0.01 - 
Pb 0.006 - - - - - - - - - 
Other total 0.1 1.89 1.06 0.99 0.83 1.12 1.07 0.85 1.12 0.36 
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Table A24.5: XRF analyse hull anode 2 
 
Element Zn 
standard 
% 
R1 R2 R3 R4 Average Sd 
Zn 99.319 97.33 97.66 99.27 96.67 97.73 1.10 
Si - 0.65 0.72 0.66 0.78 0.70 0.06 
Al 0.1-0.5 1.84 1.53 - 2.33 1.90 0.40 
V - 0.05 0.01 - 0.06 0.04 0.03 
Cd 0.07 0.04 0.04 0.04 0.04 0.04 0.00 
Cr - 0.02 - - 0.02 0.02 0.00 
Fe 0.005 0.06 0.04 0.03 0.08 0.05 0.02 
Ti - - - - - - - 
Pb 0.006 - - - - - - 
Other total 0.1 0.72 0.73 0.66 0.86 0.74 0.08 
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Anode 5 –Prop anode  
 
 
 
Table A24.6: XRF analyse of prop anode  
Element Zn 
standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 97.30 95.63 97.41 96.78 1.00 
Si - 1.18 2.09 1.00 1.42 0.58 
Al 0.1-0.5 1.22 1-.95 1.57 1.58 0.37 
V - - - 0.02 0.02 - 
Cd 0.07 0.05 0.05 0.04 0.05 0.01 
Cr - 0.14 0.04 0.13 0.10 0.06 
W - - - - - -- 
P - 0.07 0.07 - 0.07 0.00 
Fe 0.005 0.03 0.04 0.02 0.03 0.01 
Ti - 0.01 0.02 - 0.02 0.01 
Cu - - 0.06 - 0.06 - 
Pb 0.006 - - - - - 
Other 
total 0.1 1.40 2.28 1.15 1.61 0.59 
 
 
 
 
 
 
 
128 
 
Anode 6 –hull anode 
 
 
 
Table A24.7: XRF analyse of hull anode 
Element Zn 
standard 
% 
R1 R2 R3 R4 Average Sd 
Zn 99.319 98.19 98.97 98.49 98.99 98.66 0.39 
Si 0.07-0.025 0.71 0.93 0.69 0.89 0.81 0.12 
Al 0.1-0.5 1.02 - - - 1.02 - 
V - 0.03 0.04 - 0.06 0.04 0.02 
Cd 0.07 - 
 
- - - - 
Cr - 0.03 0.04 - 0.02 0.03 0.01 
W - - - - - - - 
P - - - - - - - 
Fe 0.005 - - - - - - 
Ti - - 0.01 - 0.01 0.01 0.00 
Pb 0.006 - - - - - - 
Other 
total 0.1 0.77 1.02 0.69 0.98 0.87 0.16 
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Appendix 25 – XRF analyse of used anodes  
The numbers Tables below show the data for each used anode and then the replicates for 
each anode. The images of the anodes have been included as visual aid to the anode types 
analysed.   
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Table A25.1: XRF analyse of used anodes 
Element Zn 
standard 
% 
Anode 
1 
Sd Anode 
2 
Sd Anode 
3 
Sd Anode 
4 
Sd Anode 
5  
Sd Anode 
6 
Sd Anode 
7  
Sd Anode 
8  
Sd Anode 9  Sd 
Zn 99.319 93.50 1.34 93.18 0.84 98.52 0.20 98.61 0.32 93.93 0.97 97.39 1.71 94.02 2.50 96.23 0.97 96.07 0.78 
Si - 4.61 - 2.46 0.95 1.07 0.07 0.95 0.07 3.12 0.69 1.07 0.23 1.97 0.84 1.80 0.41 1.69 0.19 
Al 0.1-0.5 1.70 0.74 2.86 0.22  - - -  - 2.41 1.11 3.14 - 2.80 1.86 2.02 - 1.31 0.13 
V  -  - - -  - -  - 0.03 0.00 -  -  - -  - -  - -  - -  
Cd 0.07 0.08 0.01 0.15 0.03 0.06 0.01 0.07 0.01  - - -  - -  - 0.11 0.02 0.07 0.02 
Cr  - 0.03 0.01 0.02 0.00 0.03 0.01 0.04 0.02 0.06 - 0.05 - 0.02 0.00 0.03 0.02 0.02  - 
W  -  - - 1.24 0.52 -  - -  - 0.97 - -  - 1.12 0.02 0.95 - 1.28 -  
P  - 0.05 0.01 0.05 - -  - -  - -  -  - - 0.33 0.27  - - -  -  
Fe 0.005 0.13 0.02 0.12 0.07  - - 0.03 0.01 0.05 0.01 0.02 - 0.04 0.02 0.13 0.02 0.17 0.02 
Ti  - 0.12 0.05 0.09 0.03 0.06 0.06 0.02 0.00 0.05 0.03 0.03 0.01 0.11 0.14 0.05 0.00 0.06 0.02 
Cu  - 0.05 0.03 0.03 0.01 0.05 0.01 0.04 0.00 0.15 - 0.03 - 0.23 0.36 0.05 0.01 0.07 0.02 
Co  -  - - -  -  - - 0.03 0.03 -  - -  - -  -  - - -  -  
Zr  -  - -  - - -  - -  - -  - -  -  - - -  - -   - 
Pb 0.006  - - 0.01 - -  - -  - 0.04 - 0.02 - -  -  - -  - -  
Other 
total 0.1 1.77 2.67 3.04 1.04 1.19 0.08 1.04 0.07 3.56 0.4 1.11 0.24 2.94 1.59 2.25 0.41 2.25 0.93 
 
 
 
 
131 
 
 
Table A25.1 continued: XRF analyse of used anodes  
Element Zn 
standard 
% 
Anode 
10 
Sd Anode 
11  
Sd Anode 
12  
Sd Anode 
13 
Sd Anode 
14 
Sd Anode 
15 
Sd Anode 
16 
Sd Anode 
17 
Sd Anode 
18 
Sd 
Zn 99.319 97.70 0.45 96.46 1.18 97.91 0.55 95.90 2.68 94.83 2.56 97.70 0.70 86.08 10.66 94.86 2.40 90.98 2.61 
Si - 1.44 0.10 2.35 0.35 1.79 0.57 1.96 1.00 2.77 1.79 1.53 0.18 1.24 - 1.44 1.27 2.07 0.42 
Al 0.1-0.5 0.98 - 1.45 - - - 3.42 - 2.22 - - - - - 3.03 1.34 3.63 2.28 
V - - - 0.04 0.02 0.03 0.02 - - - - - - - - - - 0.03 - 
Cd 0.07 0.07 0.02 0.08 0.03 0.05 0.00 0.13 0.06 0.09 0.07 0.09 0.04 0.06 0.03 0.18 0.10 0.15 0.13 
Cr - 0.04 0.02 0.05 0.04 - - 0.04 0.02 0.07 0.08 0.04 0.01 0.03 0.02 0.05 0.03 0.02 - 
W - - - - - - - 1.12 - 1.90 0.69 - - 5.68 4.41 1.76 0.53 2.60 0.72 
P - - - 0.06 - 0.06 - - - 0.15 - - - 0.15 - - - - - 
Fe 0.005 0.04 0.02 0.10 0.02 0.07 0.01 0.26 0.39 0.08 0.03 0.05 0.01 0.03 0.02 0.10 0.03 0.09 0.03 
Ti - 0.04 0.01 0.03 0.01 0.05 0.01 0.05 0.04 0.05 0.02 0.02 0.00 1.21 1.07 0.08 0.03 0.29 0.14 
Cu - 0.08 0.03 0.03 0.00 0.06 0.04 0.04 0.01 - - 0.03 - 5.38 5.37 0.06 0.02 1.77 0.56 
Co - - - - - - - - - - - - - - - - - - - 
Zr - - - - - - - - - - - - - - - - - - - 
Pb 0.006 - - - - - - - - - - - - 0.03 0.01 0.03 0.00 - - 
Other total 0.1 1.61 0.11 2.53 0.39 1.96 0.57 2.44 1.73 3.19 2.22 1.60 0.18 12.76 10.28 3.02 0.86 6.05 0.29 
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Table A25.1 continued: XRF analyse of used anodes  
Element Zn 
standard 
% 
Anode 
19 
Sd Anode 
20 
Sd Anode 
21 
Sd Anode 
22 
Sd Anode 
23 
Sd 
Zn 99.319 92.58 3.05 98.20 0.23 95.47 1.35 97.64 0.69 98.72 0.46 
Si - 2.69 2.04 1.40 0.21 1.96 0.46 1.32 0.64 0.88 0.05 
Al 0.1-0.5 2.17 0.93 -  - 2.54 1.23 0.82  - - -  
V -   -  - 0.04 0.02 - -  0.01  - 0.03 0.01 
Cd 0.07 0.10 0.02 0.06 0.01 0.11 0.03 0.04 0.02 0.06 0.00 
Cr -  0.03 0.02 0.09 -  0.05 0.01 - -  0.04  - 
W -  2.38 1.12 - -  0.98 -  - -  - -  
P  - 0.33 0.08 - -  0.07 -  0.08 0.01 - -  
Fe 0.005 0.18 0.14 0.10 0.02 0.04 0.00 0.03 0.01 0.02 -  
Ti -  0.07 0.03 0.03 0.02 0.03 0.01 0.03 0.00 -  - 
Cu  - 0.08 0.05 0.12 0.08 - -  0.04 -  -  - 
Co -   - -  - -  - -  - -  -  - 
Zr  - 0.03  - - -  -  - -  - -  - 
Pb 0.006  - -  - -  0.02 -  -  - -  - 
Other 
total 0.1 5.48 1.24 1.61 0.19 2.28 0.92 1.41 0.62 0.91 0.06 
 
Used anodes donated by boat owners showed percentages similar to those observed in the in-situ and laboratory anode experiment which indicates their zinc 
content changed during the course of deployment. This once again suggests zinc corrodes quicker than other metals in the al
133 
 
Anode 1 – Round hull or trim tab anode 
 
 
 
 
 
 
 
 
Supplied by CC Marine – Universal Marina 
Table A25.2: Used anode 1 XRF replicate results  
Element Zn 
standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 92.63 95.04 92.83 93.50 1.34 
Si 0.07-0.025 4.61 -  - 4.61  - 
Al 0.1-0.5 2.25 0.86 2 1.70 0.74 
V  - -  -  - -  - 
Cd 0.07 0.07 0.07 0.09 0.08 0.01 
Cr  - 0.03 0.04 0.02 0.03 0.01 
W -  -  - -  - -  
P -   - 0.04 0.06 0.05 0.01 
Fe 0.005 0.14 0.11 0.15 0.13 0.02 
Ti  - 0.17 0.09 0.09 0.12 0.05 
Cu  - 0.04 0.08 0.03 0.05 0.03 
Pb 0.006 -  - -  --   
Other total 0.1 4.85 0.25 0.2 1.77 2.67 
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Anode 2 and 3 – Hull anodes 
Anode 2 has a bolt attached with blue anode pad, anode 3 black anode pad  
 
 
 
 
 
 
 
Supplied by CC Marine – Universal Marina 
Table A25.3: Used anode 2 XRF replicate results 
Element Zn standard % R1 R2 R3 Average Sd 
Zn 99.319 94.14 92.59 92.82 93.18 0.84 
Si 0.07-0.025 1.79 3.13 - 2.46 0.95 
Al 0.1-0.5 2.61 2.99 2.98 2.86 0.22 
Cd 0.07 0.18 0.13 0.13 0.15 0.03 
Cr - - 0.02 0.02 0.02 0.00 
W - 1.06 0.84 1.83 1.24 0.52 
P - 0.05 - - 0.05 - 
Fe 0.005 0.04 0.15 0.18 0.12 0.07 
Ti - 0.07 0.08 0.13 0.09 0.03 
Cu - 0.03 0.02 0.04 0.03 0.01 
Pb 0.006 0.01 - - 0.01 - 
Other total 0.1 3 4.09 2.02 3.04 1.04 
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Table A25.4: Used anode 3 XRF replicate results  
 
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 98.29 98.67 98.6 98.52 0.20 
Si 0.07-0.025 1.03 1.15 1.02 1.07 0.07 
Al 0.1-0.5 - - - - - 
Cd 0.07 0.07 0.06 0.06 0.06 0.01 
Cr - 0.04 0.02 0.04 0.03 0.01 
Fe 0.005 - - - - - 
Ti - 0.03 0.02 0.13 0.06 0.06 
Cu - - 0.04 0.05 0.05 0.01 
Pb 0.006 - - - - - 
Other total 0.1 1.1 1.23 1.24 1.19 0.08 
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Anode 4 – large 5-6kg hull anode 
 
 
 
 
Supplied CC Marine – Universal Marina 
Table A25.5: Used anode 4 XRF replicate results  
Element Zn 
standard 
% 
R1 R2 R3 R4 Average Sd 
Zn 99.319 98.36 98.94 98.81 98.31 98.61 0.32 
Si 0.07-0.025 0.95 0.86 0.95 1.02 0.95 0.07 
Al 0.1-0.5 - - - - - - 
V - 0.03 - 0.03 - 0.03 0.00 
Cd 0.07 0.08 0.06 0.07 0.06 0.07 0.01 
Cr - - 0.06 0.04 0.02 0.04 0.02 
Fe 0.005 - - 0.02 0.03 0.03 0.01 
Ti - - 0.02 - 0.02 0.02 0.00 
Cu - - 0.04 0.04 - 0.04 0.00 
Co - - - 0.01 0.05 0.03 0.03 
Pb 0.006 
 
- - - - - 
Other total 0.1 0.98 0.98 1.07 1.11 1.04 0.07 
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Anode 5 and 6 – Trim Tab anodes 
 
 
 
 
 
 
 
 
 
Supplied by CC Marine – Universal Marina 
Table A25.6: Used anode 5 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 94.67 94.3 92.83 93.93 0.97 
Si 0.07-0.025 3.88 2.94 2.53 3.12 0.69 
Al 0.1-0.5 1.32 2.38 3.53 2.41 1.11 
V - - - - - - 
Cd 0.07 - - - - - 
Cr - 0.06 - - 0.06 - 
W - - - 0.97 0.97 - 
P - 
 
- - - - 
Fe 0.005 0.06 0.05 0.04 0.05 0.01 
Ti - 0.04 0.09 0.03 0.05 0.03 
Cu - - 0.15 - 0.15 - 
Pb 0.006 - - 0.04 0.04 - 
Other total 0.1 3.98 3.18 3.53 3.56 0.40 
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Table A25.7: Used anode 6 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 98.17 98.57 95.43 97.39 1.71 
Si 0.07-0.025 1.05 1.31 0.85 1.07 0.23 
Al 0.1-0.5 - - 3.14 3.14 - 
V - - - - - - 
Cd 0.07 - - - - - 
Cr -- - 0.05 - 0.05 - 
Fe 0.005 - 0.02 - 0.02 - 
Ti - 0.02 - 0.03 0.03 0.01 
Cu - 0.03 - - 0.03 - 
Co - - - - - - 
Zr - - - - - - 
Pb 0.006 - - 0.02 0.02 - 
Other total 0.1 1.1 1.36 0.88 1.11 0.24 
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Anode 7 – Volvo Penta prop anode 
 
 
 
 
 
 
 
 
 
On vessel 3 years very little corrosion - Universal Marina 
Table A25.8: Used anode 7 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 R4 R5 R6 Average Sd 
Zn 99.319 95.97 94.80 90.88 94.23 97.02 91.2 94.02 2.50 
Si 
 
0.96 2.92 1.45 1.88 1.57 3.06 1.97 0.84 
Al 0.1-0.5 1.64 1.60 6.16 3.35 1.1 2.94 2.80 1.86 
V - - - - - - - - - 
Cd 0.07 - - - - - - - - 
Cr - 0.03 0.03 - 0.02 - 0.02 0.02 0.00 
W - - 1.13 - - - 1.1 1.12 0.02 
P - 0.14 - 0.8 0.36 0.17 0.19 0.33 0.27 
Fe 0.005 0.03 0.03 0.04 0.05 0.03 0.07 0.04 0.02 
Ti - 0.05 0.40 0.05 0.04 0.05 0.05 0.11 0.14 
Cu - 0.04 - 0.11 0.07 0.06 0.88 0.23 0.36 
Pb 0.006 - - - - - - - - 
Other total 0.1 1.22 4.48 2.41 2.37 1.85 5.30 2.94 1.59 
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Anode 8 and 9 – Shaft anodes 
 
 
 
 
 
 
 
Very worn, on vessel one year, vessel changed anodes at Universal Marina, but normally 
based Conwy North wales  
 
Table A25.9: Used anode 8 XRF replicate results 
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 95.21 96.33 97.15 96.23 0.97 
Si 
 
1.47 2.26 1.67 1.80 0.41 
Al 0.1-0.5 2.02 - - 2.02 - 
V - - - - - - 
Cd 0.07 0.09 0.12 - 0.11 0.02 
Cr - 0.02 0.06 0.02 0.03 0.02 
W - 0.95 - - 0.95 - 
P - - - - - - 
Fe 0.005 0.13 0.15 0.12 0.13 0.02 
Ti - 0.05 0.05 0.05 0.05 0.00 
Cu - 0.05 0.05 0.04 0.05 0.01 
Pb 0.006 - - - - - 
Other total 0.1 2.54 2.42 1.78 2.25 0.41 
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Table A25.10: Used anode 9 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 96.3 95.2 96.71 96.07 0.78 
Si 
 
1.7 1.87 1.5 1.69 0.19 
Al 0.1-0.5 - 1.21 1.4 1.31 0.13 
V - - - - - - 
Cd 0.07 0.06 0.07 0.09 0.07 0.02 
Cr - 0.02 - - 0.02 - 
W - - 1.28 - 1.28 - 
P - - - - - - 
Fe 0.005 0.17 0.19 0.15 0.17 0.02 
Ti - 0.06 0.07 0.04 0.06 0.02 
Cu - 0.06 0.09 0.06 0.07 0.02 
Pb 0.006 - - - - - 
Other total 0.1 1.84 3.31 1.6 2.25 0.93 
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Anode 10 – Shaft anode large  
 
 
 
 
 
 
 
 
 
Table A25.11: Used anode 10 XRF replicate results  
Element Zn 
standard % 
R1 R2 R3 R4 Average Sd 
Zn 99.319 97.55 97.48 98.37 97.4 97.70 0.45 
Si 
 
1.35 1.44 1.39 1.58 1.44 0.10 
Al 0.1-0.5 - - - 0.98 0.98 - 
V - - - - - - - 
Cd 0.07 0.08 0.04 0.09 0.08 0.07 0.02 
Cr - 0.02 0.06 0.04 0.03 0.04 0.02 
W - - - - - - - 
P - - - - - - - 
Fe 0.005 0.03 0.06 0.03 0.03 0.04 0.02 
Ti - 0.05 0.05 0.02 0.04 0.04 0.01 
Cu - 0.08 0.13 0.06 0.06 0.08 0.03 
Pb 0.006 - - - - - - 
Other total 0.1 1.5 1.68 1.51 1.71 1.60 0.11 
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Anode 11 and 12 – Hull anodes  
 
 
 
 
 
 
 
Anodes from the Solent Surveyor – River Itchen, Ocean Quay mooring 
 
Table A25.12: Used anode 11 XRF replicate results  
Element Zn 
standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 96.12 95.48 97.77 96.46 1.18 
Si - 2.46 2.63 1.95 2.35 0.35 
Al 0.1-0.5 - 1.45 - 1.45 - 
V - 0.03 0.04 0.06 0.04 0.02 
Cd 0.07 0.11 0.09 0.05 0.08 0.03 
Cr - 0.08 0.07 0.01 0.05 0.04 
W - - - - - - 
P - - 0.06 - 0.06 - 
Fe 0.005 0.09 0.12 0.09 0.10 0.02 
Ti - 0.04 0.02 0.04 0.03 0.01 
Cu - 0.03 0.03 0.03 0.03 0.00 
Pb 0.006 - - - - - 
Other total 0.1 2.64 2.85 2.09 2.53 0.39 
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Table A25.13: Used anode 12 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 97.8 97.42 98.51 97.91 0.55 
Si - 1.89 2.31 1.18 1.79 0.57 
Al 0.1-0.5 - - - - - 
V - 0.06 0.02 0.02 0.03 0.02 
Cd 0.07 0.05 0.05 0.05 0.05 0.00 
Cr - - - - - - 
W - - - - - - 
P - - 0.06 - 0.06 
 
Fe 0.005 0.07 0.06 0.07 0.07 0.01 
Ti - 0.04 0.06 0.04 0.05 0.01 
Cu - 0.04 0.04 0.11 0.06 0.04 
Pb 0.006 - - - - - 
Other total 0.1 2.03 2.49 1.35 1.96 0.57 
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Anode 13 – Hull anode 
 
Supplied by CC Marine – Universal Marina 
Table A25.14: Used anode 13 XRF replicate results  
Element Zn 
standard % 
R1 R2 R3 Average Sd 
Zn 99.319 92.85 97.9 96.94 95.90 2.68 
Si 
 
3.11 1.25 1.53 1.96 1.00 
Al 0.1-0.5 3.42 - - 3.42 - 
V - - - - - - 
Cd 0.07 0.19 0.08 0.11 0.13 0.06 
Cr - 0.05 0.02 - 0.04 0.02 
W - 1.12 - - 1.12 - 
P - - - - - - 
Fe 0.005 0.05 0.71 0.02 0.26 0.39 
Ti - 0.1 0.02 0.03 0.05 0.04 
Cu - 0.05 - 0.03 0.04 0.01 
Co - - - - - - 
Zr - - - - - - 
Pb 0.006 - - - - - 
Other total 0.1 4.43 1.29 1.59 2.44 1.73 
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Anode 14 – Round anode 
 
 
 
 
 
 
 
 
 
 
Supplied by CC Marine, Universal Marina 
Table A25.15: Used anode 14 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 R4 Average Sd 
Zn 99.319 91.15 96.97 96.01 95.2 94.83 2.56 
Si - 4.83 1.57 - 1.91 2.77 1.79 
Al 0.1-0.5 2.22 - - - 2.22 - 
V - - - - - - - 
Cd 0.07 0.05 0.04 0.19 0.06 0.09 0.07 
Cr - 0.03 0.19 0.04 0.02 0.07 0.08 
W - 1.41 - 2.39 - 1.90 0.69 
P - 0.15 - - - 0.15 - 
Fe 0.005 0.08 0.05 0.11 0.06 0.08 0.03 
Ti - 0.06 0.02 0.06 0.06 0.05 0.02 
Pb 0.006 - - - - - - 
Other total 0.1 6.48 1.78 2.49 1.99 3.19 2.22 
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Anode 15 – Round anode 
 
 
 
 
 
 
  
 
 
 
Supplied by CC Marine, Universal Marina 
Table A25.16: Used anode 15 XRF replicate results  
Element Zn 
standard % 
R1 R2 R3 Average Sd 
Zn 99.319 97.28 97.31 98.5 97.70 0.70 
Si - 1.63 1.63 1.32 1.53 0.18 
Al 0.1-0.5 - - - - - 
V - - - - - - 
Cd 0.07 0.08 0.13 0.05 0.09 0.04 
Cr - 0.04 0.04 0.05 0.04 0.01 
W - - - - - - 
P - - - - - - 
Fe 0.005 0.06 0.06 0.04 0.05 0.01 
Ti - 0.02 0.02 0.02 0.02 0.00 
Cu - 0.03 - - 0.03 - 
Pb 0.006 - - - - - 
Other total 0.1 1.72 1.69 1.39 1.60 0.18 
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Anode 16 – Large round anode 
 
 
 
 
 
 
 
Supplied by CC Marine, Universal Marina 
Table A25.17: Used anode 16 XRF replicate results  
 
 
 
 
 
 
 
 
 
 
 
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 85.89 96.83 75.52 86.08 10.66 
Si - - 1.24 - 1.24 - 
Al 0.1-0.5 - - - - - 
Cd 0.07 0.1 0.04 0.05 0.06 0.03 
Cr - 0.02 0.02 0.05 0.03 0.02 
W - 6.27 1 9.77 5.68 4.41 
P - - - 0.15 0.15 - 
Fe 0.005 0.03 0.02 0.05 0.03 0.02 
Ti - 1.41 0.05 2.16 1.21 1.07 
Cu - 5.19 0.11 10.84 5.38 5.37 
Pb 0.006 0.02 - 0.03 0.03 0.01 
Other total 0.1 12.89 2.42 22.97 12.76 10.28 
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Anode 17 – Prop anode (two halves) 
 
 
 
Supplied by CC Marine, Universal Marina 
Table A25.18: Used anode 17 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 R4 Average Sd 
Zn 99.319 97.69 93.42 92.4 95.91 94.86 2.40 
Si - - 2.89 0.91 0.51 1.44 1.27 
Al 0.1-0.5 - 2.08 3.98 - 3.03 1.34 
V - - - - - - - 
Cd 0.07 0.09 0.23 0.29 0.09 0.18 0.10 
Cr - 0.07 0.04 0.02 0.08 0.05 0.03 
W - 1.89 0.99 2.21 1.95 1.76 0.53 
Fe 0.005 0.1 0.14 0.06 0.09 0.10 0.03 
Ti - 0.05 0.11 0.07 0.07 0.08 0.03 
Cu - 0.07 0.07 0.03 0.06 0.06 0.02 
Pb 0.006 - 0.03 0.03 - 0.03 0.00 
Other total 0.1 2.08 4.1 3.24 2.67 3.02 0.86 
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Anode 18 – Round anode 
 
 
 
 
 
 
 
 
 
 
Supplied by CC Marine, Universal Marina 
Table A25.19: Used anode 18 XRF replicate results  
 
 
 
 
 
 
 
Element Zn standard % R1 R2 R3 Average Sd 
Zn 99.319 92.03 92.9 88.01 90.98 2.61 
Si - 2.37 - 1.77 2.07 0.42 
Al 0.1-0.5 2.02 - 5.24 3.63 2.28 
V - 0.03 - - 0.03 - 
Cd 0.07 0.1 0.06 0.3 0.15 0.13 
Cr - - - 0.02 0.02 - 
W - 1.85 3.28 2.68 2.60 0.72 
P - - - - - - 
Fe 0.005 0.11 0.05 0.11 0.09 0.03 
Ti - 0.16 0.44 0.26 0.29 0.14 
Cu - 1.33 2.4 1.57 1.77 0.56 
Pb 0.006 - - - - - 
Other total 0.1 5.74 6.12 6.3 6.05 0.29 
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Anode 19 – Large round anode 
 
 
 
 
 
 
 
 
Supplied by CC Marine, Universal Marina 
Table A25.20: Used anode 19 XRF replicate results  
Element Zn standard % R1 R2 R3 Average Sd 
Zn 99.319 89.2 93.41 95.12 92.58 3.05 
Si - 4.6 2.93 0.54 2.69 2.04 
Al 0.1-0.5 2.82 1.51 - 2.17 0.93 
Cd 0.07 0.12 0.09 0.08 0.10 0.02 
Cr - 0.02 0.03 0.05 0.03 0.02 
W - 2.15 1.39 3.6 2.38 1.12 
P - - 0.38 0.27 0.33 0.08 
Fe 0.005 0.34 0.1 0.11 0.18 0.14 
Ti - 0.1 0.05 0.06 0.07 0.03 
Cu - 0.04 0.07 0.13 0.08 0.05 
Zr - 
 
- 0.03 0.03 - 
Pb 0.006 - - - - - 
Other total 0.1 6.91 4.85 4.68 5.48 1.24 
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Anode 20 – Pear anode 
 
 
Supplied by CC Marine, Universal Marina 
Table A25.21: Used anode 20 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 98.07 98.46 98.06 98.20 0.23 
Si - 1.42 1.18 1.59 1.40 0.21 
Al 0.1-0.5 - - - - - 
V - 0.06 0.02 0.03 0.04 0.02 
Cd 0.07 0.06 0.06 0.07 0.06 0.01 
Cr - - 0.09 - 0.09 - 
W - - - - - - 
P - - - - - - 
Fe 0.005 0.09 0.08 0.12 0.10 0.02 
Ti - 0.05 0.01 0.02 0.03 0.02 
Cu - 0.21 0.09 0.07 0.12 0.08 
Pb 0.006 - - - - - 
Other total 0.1 1.74 1.39 1.71 1.61 0.19 
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Anode 21 – Pear anode 
 
 
Supplied by boat owner, Universal Marina  
Table A25.22: Used anode 21 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 R4 Average Sd 
Zn 99.319 94.44 97.09 94.28 96.06 95.47 1.35 
Si - 2.52 2.05 1.43 1.82 1.96 0.46 
Al 0.1-0.5 1.76 - 3.96 1.91 2.54 1.23 
V - - - - - - - 
Cd 0.07 0.12 0.09 0.16 0.09 0.11 0.03 
Cr - - 0.04 0.06 0.04 0.05 0.01 
W - 0.98 - - - 0.98 - 
P - 0.07 - - - 0.07 - 
Fe 0.005 0.04 0.04 0.04 0.03 0.04 0.00 
Ti - 0.04 0.03 0.03 0.02 0.03 0.01 
Cu - - - - - - - 
Pb 0.006 - - 0.02 - 0.02 - 
Other total 0.1 3.61 2.12 1.52 1.88 2.28 0.92 
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Anode 22 – Prop anode 
 
 
 
 
 
 
 
 
Supplied by boat owner, mid channel mooring (off Mercury) 
Table A25.23: Used anode 22 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 98.12 97.95 96.85 97.64 0.69 
Si - 0.87 1.03 2.05 1.32 0.64 
Al 0.1-0.5 0.82 - - 0.82 - 
V - - 0.01 - 0.01 - 
Cd 0.07 0.04 0.03 0.06 0.04 0.02 
Cr - - - - - - 
W - - - - - - 
P 
 
0.08 0.07 - 0.08 0.01 
Fe 0.005 0.02 0.02 0.04 0.03 0.01 
Ti - 0.03 0.03 0.03 0.03 0.00 
Cu - - - 0.04 0.04 - 
Pb 0.006 - - - - - 
Other total 0.1 0.98 1.14 2.12 1.41 0.62 
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Anode 23 – Prop anode 
 
 
 
 
 
 
 
Supplied by boat owner, mid channel mooring (off Mercury) 
Table A25.24: Used anode 23 XRF replicate results  
Element Zn standard 
% 
R1 R2 R3 Average Sd 
Zn 99.319 98.93 98.19 99.04 98.72 0.46 
Si - 0.92 0.9 0.82 0.88 0.05 
Al 0.1-0.5 - - - - - 
V - - 0.02 0.03 0.03 0.01 
Cd 0.07 0.06 0.06 0.06 0.06 0.00 
Cr - 0.04 - - 0.04 - 
W - - - - - - 
P - - - - - - 
Fe 0.005 0.02 - - 0.02 - 
Pb 0.006 - - - - - 
Other total 0.96 0.92 0.85 0.91 0.06 0.96 
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Appendix 26 – XRF of anodes for in-situ experiment  
Anodes used in the in-situ experiment were analysed using XRF to determine their metal 
content before and after deployment, to determine the composition and changes over time. 
The results for individual metals and anodes can be see below. 
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Table A26.1: In -situ anode experiment XRF analyse of anodes before deployment 
Elements totals are measured in percentages, one rep of each anode was measured on the XRF before deployment  
Element Standard % A3 1 A3 2 A3 3 D9 1 D9 2 D9 3 G49 1 G49 2 G49 3 HP20 1 HP20 2 HP20 3 I42 1 I42 2 I42 3 L25 1 L25 2 L25 3 
Zn 99.319 98.08 98.08 97.02 97.32 97.95 98.24 97.84 97.79 97.82 96.98 97.28 97.2 97.58 97.64 96.83 97.72 98.12 97.41 
Al 0.5 1.08 1.08 1.43 1.14 1.18 0.87 1.32 1.3 1.28 1.08 1.28 0.83 1.5 1.47 1.22 1.25 0.9 1.01 
Si - 0.96 0.96 0.85 0.75 0.76 0.79 0.75 0.8 0.87 1.07 0.73 0.83 0.81 0.74 0.82 0.77 0.79  - 
V  -  - -  0.02 -  0.02  - 0.02 -  0.05 0.03 -  0.05 0.03 0.02 0.04 0.06 0.02  - 
Fe 0.005 0.03 0.03 0.03 0.03 0.04 0.02 0.03 0.02 0.02 0.05 0.04 0.03 0.02 0.04 0.02 0.06 0.03 0.04 
Cd 0.07 0.041 0.04 0.04 0.04 0.04 0.03 0.03 0.04 0.03 0.02 0.03 0.05 0.03 0.04 0.03 0.03 0.031 0.04 
Cr  -  -  - -  -   - 0.05  - 0.04 0.03 0.05 0.02  - 0.02  - 0.03  - 0.09 0.05 
P  - -  -  -  -  -  -  -  -  -  0.12 -  -  -  -  -  -  -  -  
Zr  -  - -   - -  -  -  -  -  -  0.06 -  -  -  -  -  -  -  -  
W  - -  -  -  -  -  -  -  -  -  -  -  -  -  -  0.93 -  -  -  
Pb 0.006  - -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  
Other total 0.1 0.96 0.96 0.87 0.75 0.78 0.84 0.77 0.84 0.96 1.33 0.75 0.87 0.86 0.77 1.81 0.83 0.90 0.05 
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Table A26.1 continued: In -situ anode experiment XRF analyse of anodes before deployment 
Element Standard % TG 1 TG 2 TG 3 V8 1 V8 2 V8 3 Z1 1 Z1 2 Z1 3 
Zn 99.319 97.8 97.7 97.7 96.4 97.07 97.72 98.22 98.28 97.63 
Al 0.5 1.34 1.49 1.34 1.5 1.32 1.25 0.92 0.08 1.5 
Si  - 0.22 0.7 0.27 0.875 0.75 0.77 0.75 0.75 0.73 
V  - 0.25 0.33 0.04 0.02 0.025 0.06 0.05 0.23 -  
Fe 0.005 0.03 0.02 0.03 0.05 0.023 0.06 0.02 0.02 0.02 
Cd 0.07 0.02 0.03 0.03 0.04 0.37 0.03 0.004 0.04 0.04 
Cr  - 0.06 0.03 0.04 -  0.85  - - -  0.07 
P  -  -  - -  -  - -  - -  -  
Zr  -  - -  -   - -  - - -  -  
W  - -  -  -  -  -  - - -  -  
Pb 0.006  -  - -  -  -  - - -  -  
Other total 0.1 0.34 0.38 0.11 0.89 1.62 0.83 0.80 0.98 0.8 
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Table A26.2: XRF analyses anodes in-situ after deployment  
 
 
 
 
 
 
Element Standard 
% 
A3 1 Sd A3 2 Sd A3 3 Sd D9 1 Sd D9 2 Sd D9 3 Sd G49 
1 
Sd G49 
2 
Sd G49 
3 
Sd HP20 
1 
Sd HP20 
2 
Sd HP20 
3 
Sd 
Zn 99.319 86.30 7.81 90.18 2.73 88.56 3.60 92.71 2.29 90.79 2.17 91.69 2.63 92.11 0.31 90.17 3.06 87.95 3.51 90.27 3.75 89.24 3.99 90.03 1.42 
Al 0.5 6.70 3.26 6.04 3.10 9.07 3.59 5.17 1.90 6.26 1.30 6.66 2.08 5.78 0.91 7.58 2.35 9.30 3.38 4.72 0.68 5.36 0.88 4.86 1.27 
Si - 5.82 4.59 2.43 0.77 0.94 0.92 1.39 0.56 1.87 0.82 1.08 0.13 1.40 0.50 0.81 0.32 1.15 0.01 2.74 2.14 3.29 1.72 3.10 2.04 
Fe 0.005 0.24 0.22 0.22 0.05 0.15 0.04 0.05 0.02 0.06 0.02 0.05 0.01 0.07 0.03 0.08 0.02 0.04 0.02 0.14 0.12 0.19 0.10 0.13 0.09 
Cd 0.07 0.65 0.87 0.15 0.07 0.34 0.10 0.14 0.05 0.16 0.04 0.21 0.07 0.19 0.17 - - 0.43 0.07 0.16 0.08 0.16 0.07 0.22 0.04 
Cr - 0.03 0.01 0.09 0.04 0.03 0.01 0.04 0.01 0.03 0.00 0.07 - 0.03 0.01 0.03 0.01 0.03 0.01 0.02 0.00 0.03 0.01 0.04 0.00 
P - - - - - - - - - - - - - - - - - - - 0.14 0.05 0.20 0.01 0.19 0.06 
W - 1.02 0.09 1.00 0.03 1.59 0.10 - - 0.96 - - - 1.27 - 1.46 0.42 1.10 0.13 2.65 - 2.21 0.02 1.60 0.58 
Ti - 0.05 0.02 0.04 0.02 0.02 0.00 0.02 0.01 0.03 0.00 0.02 0.01 0.03 0.01 0.03 0.01 0.03 0.00 0.06 0.03 0.06 0.03 0.06 0.03 
Pb 0.006 0.02 0.00 0.02 0.000 0.06 0.03 0.02 0.00 0.02 0.00 0.03 0.01 0.03 0.01 0.04 0.01 0.05 0.02 - - - - 0.03 0.01 
O total 0.1 6.56 5.07 3.19 0.34 1.74 0.11 1.44 0.54 2.25 0.29 1.12 0.12 1.87 0.67 1.84 0.62 1.56 1.30 3.78 2.28 5.05 3.00 4.44 2.60 
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Table A26.2 continued: XRF analyses anodes in-situ post deployment  
 
 
 
 
 
 
 
 
 
Element 
Standard 
% I42 1 Sd I42 2 Sd I42 3 Sd L25 1 Sd L25 2 Sd L25 3 Sd TG 1 Sd TG 2 Sd TG 3 Sd V8 1 Sd V8 2 Sd V8 3 Sd 
Zn 99.319 87.22 2.49 87.22 2.80 89.41 3.98 91.54 2.67 93.30 1.25 93.06 1.73 91.01 3.34 92.74 2.39 91.75 1.40 93.05 1.67 88.43 1.59 89.20 2.30 
Al 0.5 8.42 3.54 9.71 3.33 8.40 3.89 4.26 0.72 4.52 1.35 4.90 1.20 5.60 3.39 5.80 0.66 5.44 1.42 4.47 1.60 8.29 1.43 7.67 2.37 
Si - 2.27 2.62 1.05 0.18 1.39 0.14 2.42 - 1.01 - 0.99 0.04 1.05 - 0.60 - 0.99 - 1.06 0.21 - - 1.31 0.20 
Fe 0.005 0.13 0.11 0.11 0.02 0.09 0.05 0.11 0.06 0.08 0.02 0.05 0.01 0.10 0.04 0.33 0.43 0.09 0.04 0.04 0.02 0.20 0.12 0.14 0.03 
Cd 0.07 0.40 0.08 0.41 0.15 0.13 0.05 0.34 0.10 0.23 0.13 0.32 0.10 0.31 0.28 0.36 0.05 0.26 0.03 0.37 0.17 0.36 0.05 0.36 0.02 
Cr - 0.13 0.15 0.03 0.01 0.02 - 0.02 0.00 0.03 0.01 0.03 0.00 0.04 0.02 0.12 0.15 0.03 0.01 0.02 0.00 0.03 0.01 0.02 0.01 
P - - - - - - - - - - - - - 0.14 - 0.12 - - - - - - - - - 
W - 1.26 1.17 1.73 1.07 - - 2.87 0.66 2.11 0.37 1.08 - 1.91 0.52 2.05 0.25 1.97 0.51 1.43 0.69 2.79 0.43 1.19 0.23 
Ti - 0.04 0.03 0.02 0.01 0.02 0.01 0.04 0.02 0.03 0.01 0.02 0.01 0.04 0.01 0.03 0.002 0.04 0.02 0.02 0.01 0.04 0.01 0.03 0.01 
Pb 0.006 0.05 0.03 0.04 0.03 0.02 - 0.03 0.000 0.03 0.003 0.03 0.02 0.04 0.02 0.04 0.007 0.03 0.01 0.04 0.02 0.05 0.01 0.05 0.01 
O total 0.1 3.23 3.68 2.48 0.47 1.41 0.15 3.73 2.00 1.79 0.69 1.39 0.60 2.38 0.93 2.44 0.30 2.37 0.16 1.69 0.67 2.86 0.44 2.55 0.22 
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Table A26.2 continued: XRF analyses anodes in-situ post deployment  
 
O total = other total which equates to the elements not in the standard which should not add up to more 
than 0.1%, in many cases they do  
 
This data shows that anodes tended to have a lower percentage of zinc after deployment and a higher 
proportion of other metals present in relation to the zinc. Lead was not present at the start, but present 
in most after deployment, which could be due to surface make-up of the anodes
Element Standard 
% 
Z1 1 Sd Z1 2 Sd Z1 3 Sd 
Zn 99.319 91.50 2.22 93.30 0.98 91.72 1.02 
Al 0.5 4.14 0.41 3.70 1.19 4.01 0.85 
Si - 2.06 1.70 1.31 0.17 1.78 0.57 
Fe 0.005 0.10 0.05 0.08 0.04 0.10 0.02 
Cd 0.07 0.18 0.06 0.15 0.05 0.16 0.03 
Cr - 0.02 0.01 0.04 0.01 0.03 0.01 
P - 0.18 0.06 0.17 0.07 0.20 0.07 
W - 2.27 0.20 1.52 0.24 1.96 0.25 
Ti - 0.05 0.01 0.04 0.01 0.17 0.20 
Pb 0.006 0.02 - 0.02 - 0.02 - 
O total 0.1 3.83 1.97 2.55 0.94 4.13 0.21 
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Appendix 27 – Aqua regia blank metal concentrations  
Aqua regia blanks were ran for each batch of sediment digests and the metal data from that 
batch was taken of each batch of sediments. The aqua regia data for each batch can be seen 
below. The variation that occurred within batches tended to be quite large.  
 
 
Figure A27.1: Zinc concentrations aqua regia blanks, showing variation between batches 
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Table A 27.1: Aqua regia metal data blanks  
 
Batch Fe Fe Sd Cu Cu Sd Zn Zn Sd Cd Cd Sd Mn Mn Sd Pb Pb Sd Cr Cr Sd Sn Sn Sd Al Al Sd Ba Ba Sd As As Sd Ni 
AQ1 7.75 8.09 0.11 0.03 0.26 0.13 -0.02 0.11 0.12 0.01 0.76 0.84 0.12 0.10 -0.26 1.53 0.94 0.21 0.05 0.05 -1.46 1.60 0.07 
AQ2 23.34 11.63 0.10 0.04 0.58 0.19 -0.07 0.07 0.81 0.66 1.34 2.09 0.22 0.17 -0.21 1.94 3.99 2.29 -0.05 0.04 -1.68 1.58 0.03 
AQ3 275.44 462.90 0.21 0.27 0.17 0.11 0.00 0.07 2.26 3.86 0.65 1.08 0.45 0.53 0.62 1.22 36.13 59.57 0.15 0.39 0.70 1.18 0.23 
AQ4 12.87 4.99 0.12 0.06 0.49 0.55 -0.07 0.01 0.15 0.11 1.42 0.77 0.18 0.04 -1.89 0.84 5.32 3.45 -0.05 0.01 -2.38 0.25 0.36 
AQ5 6.57 5.59 0.06 0.09 0.16 0.09 0.04 0.11 0.24 0.17 1.68 0.97 0.19 0.07 0.35 2.02 2.88 0.16 -0.02 0.04 -0.60 2.91 0.36 
AQ6 32.17 21.05 0.14 0.04 0.17 0.21 -0.02 0.10 0.31 0.07 3.79 4.42 0.24 0.06 0.07 1.16 6.30 2.86 -0.01 0.04 -2.15 0.28 0.07 
AQ7 31.62 24.27 0.13 0.02 0.54 0.10 -0.01 0.04 0.36 0.33 0.96 0.26 0.14 0.01 -1.71 1.12 4.42 3.53 -0.02 0.01 -2.75 1.11 0.17 
AQ8 50.11 11.08 0.24 0.12 0.40 0.08 0.00 0.17 0.71 0.14 1.17 0.51 0.32 0.25 -1.19 0.53 6.76 2.62 0.09 0.18 -3.20 1.65 0.09 
AQ9 41.08 26.77 0.17 0.10 0.19 0.13 -0.05 0.11 0.34 0.20 1.04 0.47 0.10 0.15 -0.24 0.25 6.25 2.82 0.04 0.03 -2.32 0.58 0.27 
AQ10 77.37 37.65 0.23 0.15 0.91 0.68 0.00 0.10 2.24 1.61 0.06 0.66 0.30 0.06 -0.17 0.69 7.06 2.63 0.20 0.02 -2.07 0.45 0.26 
AQ11 51.39 32.58 0.23 0.09 0.23 0.16 0.04 0.13 0.45 0.11 -0.03 0.75 0.42 0.14 -0.22 0.80 2.00 0.52 0.21 0.12 -1.32 1.57 0.15 
AQ12 10.56 5.78 0.07 0.02 0.38 0.27 -0.10 0.06 0.54 0.38 1.77 0.49 -0.01 0.03 1.17 0.64 0.36 0.20 0.02 0.03 0.17 1.48 -0.02 
AQ13 17.69 17.48 0.12 0.13 0.21 0.17 -0.14 0.07 0.17 0.16 1.70 0.75 0.13 0.04 2.77 1.06 3.36 3.24 0.02 0.03 1.17 1.05 0.29 
AQ14 50.20 61.84 0.19 0.27 0.49 0.37 -0.13 0.01 0.28 0.26 2.18 0.17 0.12 0.13 1.83 1.31 2.08 1.25 0.01 0.01 1.17 2.29 0.14 
AQ15 11.47 2.01 0.10 0.02 0.48 0.35 -0.11 0.05 0.17 0.07 1.82 0.78 0.08 0.15 2.66 1.04 2.36 0.29 0.00 0.02 1.99 0.72 0.22 
AQ16 16.11 9.99 0.09 0.08 0.19 0.07 -0.12 0.02 0.09 0.05 1.86 0.70 -0.04 0.16 1.64 0.13 1.88 1.75 0.02 0.01 0.92 2.08 0.07 
AQ17 17.91 24.59 0.06 0.05 0.26 0.08 -0.11 0.01 0.15 0.20 2.10 1.33 0.04 0.06 1.54 1.09 1.63 3.15 0.01 0.02 -0.38 0.09 0.19 
AQ18 7.60 1.20 0.08 0.02 0.16 0.10 -0.12 0.06 0.12 0.02 0.96 0.46 -0.01 0.03 1.91 1.38 0.54 0.19 0.01 0.01 2.28 0.72 0.22 
AQ19 18.71 5.85 0.04 0.01 0.02 0.01 -0.13 0.07 0.12 0.05 1.43 1.84 0.09 0.16 1.75 1.09 1.91 1.33 0.02 0.01 0.26 0.90 -0.01 
AQ20 13.02 11.18 0.12 0.01 0.92 0.64 -0.05 0.03 0.12 0.08 1.67 1.61 0.16 0.10 1.87 0.36 3.49 4.00 -0.02 0.01 -0.30 0.29 0.31 
AQ21 9.92 2.88 0.18 0.06 0.46 0.22 -0.13 0.04 0.15 0.06 1.35 0.29 0.26 0.26 2.07 0.94 4.87 2.73 -0.03 0.02 1.01 1.61 0.30 
Average 37.28 37.59 0.13 0.08 0.37 0.22 -0.06 0.07 0.47 0.41 1.41 1.01 0.17 0.13 0.68 1.01 4.98 4.70 0.03 0.05 -0.52 1.16 0.18 
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Appendix 28 – Anode new and old comparison images 
These anodes were provided for XRF analyses by CC-Marine, it is assumed anodes were 
present on vessels for a year. The old anodes were compared to the new anodes which are 
the equivalent sold by CC-Marine. Top two anode images are from the Solent Surveyor old 
and new anode. 
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Appendix 29 – Hamble Mooring holder Newsletter 2016 and 2017  
2017 Newsletter  
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2016 Newsletter  
Results were initial results with experiments on-going final conclusions were slightly 
different from those stated.  
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Appendix 30 – Warsash foreshore contaminated sediment  
The Warsash foreshore is highly contaminated from a localised pollution source of a 
former smelting and metal works which was present at Warsash. The slag and waste from 
this smelting works was used to build up the foreshore. Slag pieces can be found on the 
foreshore and the sediments are highly contaminated (Wright et al, 2016). This potentially 
influenced the results of the Warsash cross tidal study as samples taken over site of 
contamination. A study by Wright et al, (2016) analysed the sediments on the foreshore 
and found them to be highly contaminated with a range of metals, zinc results are 
presented here. XRF analysis was used for the sediment samples using the method used 
within this study.  
 
Figure A30.1: Zinc contamination of the Warsash foreshore sediments, a number of 
samples under Warsash pier were particularly high for zinc (Site of cross tidal study). The 
sampling numbers represent the number of the sample, with one at Hamble spit and 48 off 
Warsash sailing club (Wright et al, 2016)  
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Abstract  
Sacrificial anodes are intrinsic to the protection of boats and marine structures by preventing the corrosion of 
metals higher up the galvanic scale through their preferential breakdown.  The dissolution of anodes directly 
inputs component metals into local receiving waters, with variable rates of dissolution evident in coastal and 
estuarine environments. With recent changes to the Environmental Quality Standard (EQS), the load for zinc 
in estuaries such as the Hamble, UK, which has a large amount of recreational craft, now exceeds the zinc 
standard of 7.9µg/l.  A survey of boat owners determined corrosion rates and estimated zinc loading at 
between 6.95-7.11t/yr. The research confirms the variable anode corrosion within the Hamble and 
highlighted a lack of awareness of anode technology among boat owners.  Monitoring and investigation 
discounted metal structures and subterranean power cables as being responsible for these variations but 
instead linked accelerated dissolution to marina power supplies and estuarine salinity variations.  
Keywords: Sacrificial anode, zinc, EQS, boats, Hamble, estuary 
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1. Introduction  
Estuaries are an interface between terrestrial ecosystems and oceans; they are a vulnerable and dynamic 
environment often subject to wide tidal fluctuations and salinity ranges. Estuaries are also often home to 
large human populations, ports, marinas and industry (Matthiessen et al., 1999; Sámano et al., 2016). As 
such, they receive inputs of contaminants from a variety of sources, which need to be quantified and carefully 
managed to ensure compliance with Environmental Quality Standards (EQS) and the health of the ecology 
present.    
The large amount of zinc released annually from anodes has the potential to contribute to estuaries exceeding 
the zinc EQS (Bird et al., 1996; Boxall et al., 2000). The new EQS for zinc in UK estuaries is 7.9µg/l of total 
dissolved zinc, which includes a background level of 1.1µg/l and an EQS of 6.8 µg/l (Maycock et al, 2012), 
significantly reduced from the previous value of 40µg/l for estuarine waters.  
Studies have shown that zinc anodes on leisure craft can be a localised source of zinc to estuaries, which are 
capable of raising zinc levels in the vicinity of marinas and harbours, for example concentrations of 19.9µg/l 
of total dissolved zinc were observed at Poole Harbour, which was significantly above control sites of 2µg/l 
and the new EQS of 7.9µg/l. Similar concentrations were observed on the Hamble and Orwell estuaries (Bird 
et al., 1996: Boxall et al., 2000: Matthiessen et al., 1999). Studies on anode use and dissolution rates were 
also carried out in the Plymouth area by Wood (2014), Cathery, (2014) and Harrison (2015). Wood (2014) 
and Harrison (2015) found Plymouth marinas to have higher zinc concentrations in water and sediment 
samples, compared with nearby control sites. The alternative material to zinc anodes in the marine 
environment is aluminium (Mao et al, 2011). Aluminium anodes are used less frequently than zinc, mainly 
due to habits of boat owners and zinc being more commonly used in the past.    
Sacrificial anodes are used to prevent corrosion on boat hulls; components on vessels such as propellers and 
other marine structures including wind turbines, pipelines and pontoons. This electrochemical process is 
known as cathodic protection (Young et al., 1979; Bird et al., 1996; DeGiorgi et al., 1998: Rousseau et al, 
2009). Different elements are used for anodes depending on the ambient environmental conditions. Zinc 
anodes are most commonly used in seawater, aluminium anodes in seawater and brackish water and 
magnesium anodes in freshwater (MGDuff, 2016). It is recommended that zinc anodes comply with a US 
Army Standard (adopted worldwide) of 99% zinc with trace amounts of aluminium, cadmium and iron to 
make an alloy (Wagner et al., 1996). Aluminium and magnesium anodes have similar standards. To function 
correctly the anode metal has to be lower in the galvanic series than the metal it is protecting, metals lower in 
the series have a lower potential voltage (Rousseau et al, 2009). Aluminium anodes are not however as 
popular among boat owners as zinc anodes, this is thought to be due to tradition and habits of boat owners. It 
is estimated that there are approximately 382,000 marine leisure boats in the UK, many of which will replace 
anodes and antifouling paint annually (Comber et al., 2002; BMF et al, 2013). The Hamble estuary is home 
to approximately 3,000 leisure craft alone and is reported to be an area of high anode dissolution by boat 
owners.  
For anodes to cathodically protect a boat or structure the anode has to be in direct contact with the item being 
protected or be connected by a wire (Rousseau et al., 2009; MGDuff, 2016). Anodes protect the cathode by 
forming an electrochemical cell. The flow of the electrons in this cell results in accelerated corrosion and 
dissolution of the anode and, in turn, a reduction in corrosion of the cathode (Genesca and Juares, 2000; 
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Rousseau et al., 2009). For this process to remain effective the corroded anode has to be replaced with a fresh 
anode. The interval of this replacement is generally considered a year, but depends on observed dissolution 
rates and individual boat owners preferences (Rousseau et al., 2009; Harris, 2008). 
A number of reasons have been suggested for this varied anode dissolution rate by boat owners including 
stray electrical currents, salinity variations, pH of the estuary, current flow, the number of boats present, 
metal bridges and metal items in the estuary.  
Anodes, however, are not the only source of zinc to estuaries. Estuaries with large human populations and 
boat numbers have the potential to exceed EQS standards due to zinc inputs from sources such as sewage 
effluent (Gardner et al., 2012), antifouling paints (Rees et al., 2014), road runoff (Rule et al., 2006; Comber 
et al., 2014), coastal and terrestrial landfill sites (O’Shea et al., 2014) and abandoned mines (Beane et al., 
2016).  
Within estuaries antifouling paints are also a source of zinc and copper to estuaries with some boats using 
zinc based paints such as zinc pyrithione, zineb, zinc acrylate copolymers or paints containing zinc additives 
and pigments (Young et al., 1979; Yebra et al., 2004; Rees et al., 2014; Turner et al., 2015). Zinc pigments 
often give a yellow colour or zinc oxide white (Abel, 1999). Boats are often abandoned in estuaries 
worldwide and these can continue to leach metals such as copper and zinc from paints and other metal items 
into estuaries (Rees et al., 2014; Turner and Rees, 2016). Many antifouling paints are copper based which 
raises copper concentrations in the vicinity of marinas, harbours and sediments surrounding abandoned boats 
(Comber et al., 2002; Rees et al., 2014; Briant et al., 2013).  
This paper examines the perceived factors for a varied anode dissolution rate by boat owners (Fig 1), to 
determine if this is the case. This study utilises environmental monitoring data, questionnaire surveys and 
interviews with boat owners to examine their awareness surrounding anode use. Calculations to show zinc 
loads to the Hamble estuary from average corrosion rates were determined. The data collected from this 
research will help to quantify the significance of anodes as a source of zinc within the estuary, identify the 
factors controlling anode dissolution within the Hamble and beyond and to assist in suggesting mechanisms 
for future management of zinc in estuarine waters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1 Map showing dissolved zinc sample sites and marinas within the Hamble. The two control sites at Netley 
(Southampton Water) and Lee on Solent are off the main map 
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2. Method  
2.1 Survey of boat owners 
A self-administered questionnaire survey was designed and distributed to address the following questions; 
the types of sacrificial anodes being used; rate of anode replacement, awareness and knowledge of boat 
owners regarding anode use on the Hamble. Boat owners were also asked what antifouling paint they used to 
determine if they included zinc based paints. The anode survey was piloted by email to four boat owners; 
minor adjustments were made, before it was sent out. The survey was distributed via emails, emailed 
newsletters, twitter, and yachting forums. Boat owners within marinas (with electrical hook-up) and those 
without electrical supply in mid-channel were approached to determine if they observed different anode 
corrosion rates. Email yielded the greatest response rate, which along with discussions with boat owners and 
anode companies suggested reasons for varied anode dissolution rate and also areas of accelerated wear on 
the Hamble estuary.  
2.2 Anode corrosion rate calculation  
An anode corrosion rate (kg/year/vessel) was calculated for the Hamble from the survey data. The corrosion 
rate was calculated using the weight of each anode new and the percentage of the anode corroded after one 
year (the recommenced life for an anode). Where anodes were replaced at longer or shorter time intervals 
then the weight and percentages were calculated and normalised for a year. An average for the Hamble mid 
channel mooring berths and marina berths were then calculated (Tables 1 and 2). The corrosion rates were 
then multiplied by three as studies have found vessels average three anodes per vessel (Wood, 2014); this 
provided a corrosion rate per vessel rather than per anode 
2.3 Water sampling and analysis  
Water samples were collected in the Hamble estuary (mid channel and marinas) at a depth of 1.2 metres from 
the mouth, upstream, to the last moorings above Bursledon, in June and October 2015 and January 2016 (Fig 
1). All equipment used for water sampling including, Ocean Test water sampler, LDPE  bottles, filters and 
filter units were hydrochloric acid washed (10% analytical grade HCl) and washed copiously with ultra-high 
purity water (UHP, 18.2MΩ-cm). These samples were filtered through pre-acid washed 0.4µm polycarbonate 
filter membrane (Whatman Ltd) and analysed for their total dissolved zinc concentrations using cathodic 
stripping voltammetry (Pearson et al., 2016). Salinity measurements were also taken at each sampling site 
and salinity profiling on separate occasions at high and low tide to determine salinity extremes. .  
The water samples were analysed using cathodic stripping voltammetry VA Computrace 797 (Metrohm). 
Total dissolved acidified zinc samples (ca. 30ml, 90µl hydrogen peroxide) were prepared for analysis by UV 
irradiation for 4 hours by a 400W medium pressure Hg lamp with Photochemical Reactors. 10ml aliquots of 
sample with a 100µl addition of a 238.3µg/l concentration of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic 
acid (HEPES) and a 25µl addition concentration of 164.3g/l ammonium pyrrolidine dithiocarbamate (APDC) 
were purged for 3 mins with N2 to degas the sample. Deposition times of 5-30 seconds were used depending 
on the zinc concentration present in the sample, at a potential of -0.9V. Stripping was done by employing a 
sweep potential between -1.2V and 0.9V (Pearson et al., 2016).  
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2.4 XRF analyses of new zinc anodes 
A number of new zinc anodes were analysed for their metal content using a portable XRF (Niton XL 3T 
Gold Plus). The following parameters were used for the XRF, standard all metals, 180 second measurement 
time. One reading was taken from each anode in the majority of cases. Some of the anodes were from the 
same batch of anodes and were analysed to determine variations within anode quality.  
3. Results and Discussion 
3.1 Exceedance of EQS on the Hamble 
The Hamble estuary frequently exceeds the EQS of 7.9µg/l, with total dissolved zinc concentrations ranging 
between 3-31µg/l, with the majority of sites being between 5 -18µg/l across June and October 2015 and 
January 2016 (Fig 2). The EQS is based on an average concentration. The average across the three sampling 
sessions for the Hamble ranges between 4.02- 13.76µg/l. 10 out of the 22 sampling sites fail the EQS based 
on average values, the majority of which are mid estuary samples (Fig 2). Higher zinc levels occur in the mid 
estuary due to high boat numbers in this section of the estuary, as well as a wastewater treatment works at 
Bursledon, anodes are however, likely to be the largest source of zinc to the Hamble estuary due to 3,000 
being present (Fig 2). It is thought that most of the zinc from anodes is deposited into sediments, biota or 
flushed from estuaries (Matthiessen et al., 1999; Bird et al., 1996). There is however still sufficient 
concentrations within the water body of the estuary to raise levels above the EQS.  
Studies in the Plymouth region, Poole Harbour, Orwell and Blackwater (Matthiessen et al., 1999; Boxall 
2000; Wood 2014; Cathery, 2014; Harrison, 2015) have shown large amounts of zinc are released into other 
estuaries each year from anodes, estuaries with large boat numbers like the Hamble are likely to exceed the 
7.9µg/l EQS due to increased zinc from anodes and sources such as wastewater treatment works (Maycock et 
al, 2012; Gardner et al., 2012). Wood (2014) found marinas in the Plymouth region had total dissolved zinc 
levels between 2-15µg/l and Harrison (2015) found concentrations of 9- 48µg/l in the same area, which also 
exceed EQS. This was also observed by Bird (1996) and Boxall (2000) where marinas in some cases 
exceeded the EQS with observed values on the Hamble of 2.97-9.18µg/l, Poole Harbour and the Orwell 2.16-
19.9µg/l. Enclosed marinas with limited tidal flushing and therefore greater water residence times allowing a 
build-up of zinc in the water, were found to have higher zinc concentrations than open and semi enclosed 
marinas (Bird 1996; Boxall 2000; Wood 2014; Harrison 2015). Marinas on the Hamble tended to be open or 
semi enclosed, allowing regular and significantly more tidal flushing of the water. The zinc levels in the 
Hamble tend to be of the same magnitude as those reported in open and semi enclosed marinas within other 
estuaries. The marinas and mid channel tend to have similar zinc levels due to the large number of boats 
being moored in the channel and good tidal flushing of the marinas occurring.  
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Fig 2 Average total dissolved zinc levels in the Hamble estuary, compared to EQS levels. The salinity plots 
show the salinity varies from 20-28 in January and 27-32 in June and October. Error bars denote the standard 
deviation between samples. Site codes 1 – 10 run from the mouth of the Hamble (10) to above Bursledon 
where boat moorings stop (1), PM is either side of Port Hamble Marina, MM Mercury, UM Universal Marina, 
SM Swanwick Marina and FB Foulkes Boatyard. C1 control site Netley and C2 control site Lee on Solent, 
Southampton Water 
 
Zinc anodes are not however the only source of zinc to estuaries such as the Hamble with contributions from 
the riverine section of the catchment, wastewater treatment works effluent and other sources such as road 
runoff and antifouling paints contributing to EQS levels not being met (Yebra et al., 2004; Rule et al., 2006; 
Rees et al., 2014; Gardner et al., 2012).  Monitoring data, however, shows that riverine concentrations of 
total dissolved zinc are lower than those measured in the estuary (Fig 2), with 3.24 and 2.83µg/l from two 
freshwater tributaries of the Hamble on Curbridge Stream. Concentrations of 4.68 µg/l at Curbridge and 
1.51µg/l at Botley were measured at the tidal limits of the Hamble’s two tidal tributaries with a salinity of 
5.44. This is considerably lower than values of 20µg/l at Bursledon with salinities between 25 and 32. The 
upper estuary is compliant with the EQS. The high salinities around Bursledon show the riverine input is 
limited. There are two sewage works on the tidal Hamble at Bursledon and downstream of Botley, other rural 
properties have their own septic tanks. The population of the Hamble is, however, low so inputs of zinc from 
sewage effluent discharged to the estuary is considered an insignificant source compared with anode inputs.  
3.2 Zinc anode corrosion rates and overall loads to the aquatic environment   
Using the calculated corrosion rates (Table 1) and average number of anodes per vessel (3) from the survey 
and the number of berths within each marina and mid channel moorings it was possible to calculate a total 
input of zinc to the aquatic environment from anodes (table 2). Boat owners suggested that marinas had a 
higher anode decay rate than mid channel moorings, hence a corrosion rate calculated for both. The mid 
channel and marina corrosion rate totals where added together to give an overall Hamble zinc load. 
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Table 1 Zinc anode release rate per vessel   
Release rate location Berths Corrosion rate 
(kg/yr/vessel) (3 anodes) 
Load to 
estuary (t/yr) 
Hamble Mid channel (MC) 600 1.62 0.97 
Hamble Marina 2400 2.49 5.98 
Hamble (Boxall et al., 2000) 3000 2.37 7.11 
 
The zinc load calculated for mid channel moorings was 0.97t/yr and marinas 5.98t/yr which in total was 
6.95t/yr (Table 2). Boxall et al., (2000) also calculated a zinc release rate for the Hamble of 2.37kg/yr for 3 
anodes which gave a zinc load of 7.11t/yr. This was calculated for the Hamble as a whole and not mid 
channel and marinas moorings being separate. This study and Boxall et al., (2000) gave similar zinc 
corrosion rates’ for the Hamble. This shows the high levels of zinc released into the Hamble estuary each 
year from anodes, which indicates why anodes are the biggest source of zinc to the Hamble. This leads to the 
EQS not being met. Inputs from individual marinas ranged between 0.12t/yr at RK marine to 0.90t/yr at 
Mercury Marina (Table 2). Individual vessels in marinas and moorings accounted for between 0.02 -0.90t/yr 
of zinc to the Hamble.  
Table 2 Hamble zinc load calculations from anode release rates 
Corrosion rate (kg/yr/vessel) 1.62 2.49 
Hamble estuary moorings  Berths  Zinc load (t/yr) 
Mid Channel  600 0.97  
Hamble Point Marina 230  0.57 
Harbour Board Mooring 10  0.02 
Royal Southern Yacht Club 110  0.27 
Port Hamble 340  0.85 
Mercury Marina 360  0.90 
Universal Marina 250  0.62 
Stone Pier Yard 67  0.17 
Elephant Boatyard 70  0.17 
Swanwick Marina 330  0.82 
Deacons Marina 160  0.40 
Cabin boatyard 73  0.18 
Riverside boatyard 100  0.25 
RK Marine 50  0.12 
Foulkes Boatyard 180  0.45 
Eastland’s Boatyard 70  0.12 
Total  0.97 5.98 
Hamble Total  6.95 
 
Corrosion rates of 1.2, 1.35 and 0.81kg/yr/vessel were calculated by studies in the Plymouth area by Wood, 
(2014), Cathery, (2014) and Harrison (2015), these gave zinc loads ranging between 1.33 – 2.33t/yr for the 
1654 vessels in the Plymouth marinas.  Corrosion rates from Plymouth marinas were either calculated 
through a survey (Wood, 2014) or estimates form the MAM-PEC model (Cathery, 2014; Harrison, 2015). 
This was lower than the Hamble due to lower release rates and boat numbers in Plymouth marinas.   
The Orwell and Blackwater estuaries have 1919 and 1860 vessels respectively making them most similar in 
vessel numbers to the Hamble and Plymouth. Using Corrosion rates of 0.87kg/yr and 2.37kg/yr from 
Matthiessen et al., (1999) and Boxall et al., (2000) respectively and for an average of three anode per vessel, 
anodes release between 1.66-4.54t/yr on the Orwell estuary and 1.61t/yr for the Blackwater estuary. Total 
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dissolved zinc levels at Fullbridge on the Blackwater an area of high boat density had an average of 
15.23µg/l in 2015 (Environment Agency, 2016). Total dissolved zinc on the Orwell downstream of 
Wolverstone marina and Pin Mill was 9.51µg/l (Environment Agency, 2016). The Plymouth area and the 
Blackwater and Orwell estuaries like the Hamble show the large amount of zinc released annually from 
anodes, which can contribute to EQS levels not being met in estuaries generally. 
Matthiessen et al., (1999) used the zinc corrosion rate equation (equation 1) to estimate zinc loads from 
anodes into Suffolk and Essex estuaries (Stour, Orwell, Crouch, Roach and Blackwater), with the assumption 
of one anode present per vessel instead of an average of three used in this study. Individual docks accounted 
for an estimated zinc range of 60 – 540 kg/yr and marinas and moorings a range of 0.29- 320kg/yr. 
Felixstowe Docks which is a large container port was the largest source of zinc in the area (Matthiessen et 
al., 1999). 
3.3 Questionnaire results and anode replacement rates  
Seventy three survey responses where received from the Hamble boat owners,  mid channel mooring holders 
accounted for 58 responses and marinas 15. The survey indicated a number of issues such as the lack of 
awareness among some boat owners about the use of anodes. In some cases anodes containing inappropriate 
metals were used; with magnesium used in seawater in two cases on the Hamble. The magnesium will 
effervesce and quickly corrode in a seawater environment, which has the potential to cause detrimental 
corrosion to the boat (MGDuff, 2016).  
Questionnaire responses show that 59% of boat owners replace their anodes annually on the Hamble (Fig 3). 
The overall mean replacement for marinas is slightly higher than the moorings mid channel (1.3 compared 
with 1.2 years respectively, based on the assumption that replacement is at the midpoint of the survey 
response – i.e. < 1 year = 6 months, >1 to >2 years = 1.5 years, etc.) (Fig 4). A t-test was conducted to 
compare frequency of anode replacement between mid channel (M = 1.19, SD = 0.47) and marina moorings 
(M = 1, 28, SD = 0.89), which indicated no significant difference in replacement frequency (t(72) = 0.40 p > 
0.05). Although anodes lasting much beyond a year indicate they may not be bonded correctly or are in 
effective at preventing corrosion. In some cases boat owners specified they did not know why they used 
anodes, this was the case in some of the marinas with long replacement times, which increases the average 
replacement for marinas, as indicated by the following quotes from boat owners on the Hamble“...mine seem 
to erode very slowly, I changed them this year more out of guilt then needing to...” and  “To be honest, I don't 
really know what they are for and I don't think they are of any significance for me”. This implies a lack of 
knowledge and awareness among boat owners regarding anode replacement and dissolution mechanisms. 
The corrosion rates from this study indicates that zinc anodes corrode quicker in marinas compared with mid 
channel moorings, with the Hamble mid channel corrosion rate of 1.62kg/yr being lower than the Hamble 
marinas release rate 2.49kg/yr, this is not, however, supported by the replacement rate (Fig 3). This could be 
due to the number of marina responses and some of the marina questionnaire replies noting anode 
replacement at relatively large timescales (longer than deemed the norm by the boating community). Boat 
owners, however, have noticed marinas generally do corrode quicker than mid channel moorings “There is 
definitely an increase in degradation when in marinas and when on extended periods of shore power. Much 
less on the mid river moorings” and “Keeping a boat away from marinas is helpful as there are too many 
stray electrical currents that can eat away anodes and props”.  
181 
 
 
 
 
 
 
 
Fig 3 Percentage frequency of anode replacement based on mooring location. Error bars based on 95 
percentile values 
From survey responses on the Hamble, boats had an average of three anodes, mainly attached to the propeller 
shaft and hull, a few vessels had as many as 10 to 15 anodes, however. An average of three anodes per boat 
was also found in marinas within the Plymouth area by Wood (2014). There was a general trend of larger 
vessels having greater anode numbers, but some vessels had as many as 8 - 10 anodes at 6 metres as well as 
up to 14 metres (Fig 5). The boat owners with more anodes on smaller vessels had generally experienced 
corrosion issues so used more anodes. This once again suggest a lack of knowledge and awareness as more 
anodes on the same metal item will protect it better than one, placed correctly. High anode corrosion rates 
suggest a possible fault with boat wiring or the wrong size anode being used on the vessel (Harris, 2008).  
 
Fig 4 Mean replacement using midpoint frequency replacement in years. Error bars denote 95 percentile 
 
confidence intervals 
 
 
Fig 5 Boat length versus average number of anodes used 
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There are few other datasets with which to compare these values for the Hamble, however a similar 
questionnaire survey was undertaken by Wood (2014) on 40 boat owners from Sutton Harbour and Queens 
Anne Battery in Plymouth. These are high salinity (typically >30) shore side purpose built marinas, with 
Sutton Harbour having a lock gate to retain water. Based on boat owner responses anode replacment rates 
were slightly less frequent than in the Hamble (mean 1.7 years). The Plymouth survey suggested the use of 
shore power accelerated anode wear, just like it did on the Hamble (Wood, 2014). This suggests that there is 
not just accelerated wear in the Hamble, but what boat owners on the Hamble deem as acclerated wear within 
marinas with electrical hook ups is further geogrpahically spread than just on the Hamble. Electrical hook 
ups are not present at mid channel sites so are not an issue.  
Time in the marina or at mooring showed no strong relationship with anode replacment frequency in marina 
locations on the Hamble. Vessels tend to stay in marinas or at moorings year round and are only coming out 
of the water for maintenance which often includes anode replacment and having antifouling paint re-applied 
(Fig 6).  This maintenace work is normally only a matter  of weeks and is generally in the winter months. The 
number of vessels out of the water at anyone time is minimal compared with the total numbers present on the 
Hamble.  
 
Fig 6 Time in marina versus frequency of anode replacement 
3.4 Possible factors controlling anode corrosion rates  
The survey indicated that knowledge and awareness surrounding anodes among some boat owners is limited. 
The science behind cathodic protection is complicated, so in a bid to explain and understand it, non-scientific 
theories have been suggested. Many of these theories appear plausible but chemically are not possible, these 
theories spread through hearsay rather than fact. The idea that metal objects in the river and the metal railway 
bridge seem plausible, as anodes would cathodically protect many of these items. However as boats are not 
physically connected to these items an electrical cell will not be formed, meaning anodes cannot corrode via 
this source (Rousseau et al., 2009; Wagner et al., 1996). This therefore means metal debris, D-Day shell 
cartridges, scrap aluminium possible thrown in the river from the Fairey Aircraft factory, mooring debris in 
the estuary and the railway bridge, all suggested by boat owners as reasons,  will not effect and cause 
variation in anode dissolution rates. They could however increase metal levels within sediments and the 
water column of the Hamble, which in turn will impact on compliance with the EQS. 
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Variations in salinity are likely to be one of the main factor controlling anode corrosion rates. Low salinity 
waters causes a calcareous build up on the anode which effects the rate and ability of corrosion (Rousseau et 
al., 2009; Caplat et al., 2010).  Zinc anodes are created from an alloy (Table 3), which allows a steady rate of 
corrosion in marine waters, this is a US Military Standard. These standards are created for seawater 
conditions, which means they are less effective in brackish waters and zinc anodes do not corrode in 
freshwater, due to a layer of zinc hydroxide (Zn(OH)2) forming on the anode, this will form to a lesser extent 
in brackish waters (Wagner et al., 1996; Gavrila et al., 2000; Jelmert and Van Leeuwen, 2000; Harris, 2008). 
Freshwater is 10 times less conductive than seawater, zinc (-0.98 to -1.03V) corrodes at a higher voltage than 
magnesium (-1.60 to -1.63V) so is better suited to seawater (Morgan, 1987). If zinc anodes are removed from 
water they coat over with a layer of zinc hydroxide and calcium which prevents corrosion, this can occur if 
boats moorings dry out at low water (Gavrila et al., 2000) (Fig 7). Most boats which have indicated a varied 
and accelerated dissolution rate are moored at Bursledon or upstream of Bursledon on the Hamble estuary. 
The salinity in this area ranges between 17and 31, but can be as low as 5 at low water in extreme conditions 
(Environment Agency, 2016) (Data collected during this study). The salinity range that occurs in this area is 
likely to be a reason for the suggested accelerated wear. Yachting forums and discussions with boat owners 
indicated areas of accelerated corrosion also occurred beyond the Hamble, with marinas on the in the Solent, 
river Orwell in Suffolk and Chatham marina in Kent being suggested.  Salinity and stray currents have been 
suggested as reasons like on the Hamble. The Orwell estuary below Ipswich Docks had a salinity range of 
23.36 – 32.64 during 2015 (Environment Agency, 2016), which is similar to the Hamble estuary. Salinity on 
the Orwell reached as high as 34 at Shotley (Environment Agency, 2016).   
 
 
Fig 7 Anodes form a layer of zinc hydroxide and calcium if they dry out or are exposed to freshwater 
or brackish conditions, thus effecting corrosion rates 
 
Stray currents is a term often referred to by boat owners as a reason for a varied anode dissolution rates, stray 
currents in the marine industry are referred to as the portion of current that flows over a path other than the 
intended path (ACE Group, 2014). Stray current corrosion is where an outside power source flows into the 
vessels metal components and out through the water as a ground (Fig 8) (Corrosionpedia, 2015). These stray 
currents can be Direct Currents (DC) which generally cause corrosion to boat fittings and anodes, and 
Alternating Current (AC) which introduces high voltage current to area surrounding boats, which can result 
in death, but does not cause corrosion to vessel, this should not occur due to earthing and isolating of these 
currents at power supplies (ACE Group, 2014). When boat owners refer to stray currents they are referring to 
DC stray currents. Many marinas provide electrical hook ups powering lighting, power points and cookers on 
modern boats, these power supplies are AC currents. There are two main types of DC stray currents, external 
sources to the vessel from marina power supplies and other vessels using the same power supply and internal 
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sources which could be an incorrectly wired appliance or an electrical accessory, anodes act as an earth for 
static electricity for these appliances, through the engine negative terminal which in turn is connected to the 
anode (Newboatbuilders, 2015). The boat with the weaker earthing system is most likely to be affected, this 
could be due to the quality of the wiring, the earthing style, or type of electrical equipment on board. Many 
boats are wired by boat owners, or terrestrial electricians instead of marine ones, this can lead to grounding 
and fusing issues due to boat wiring requiring different techniques to terrestrial electrics. Boats in marinas are 
connected to power supplies and each other and the pontoon through a common earth wire, which allows 
these stray currents to effect more than one vessel. This can lead to corrosion on a vessel, if it has no anodes, 
the anodes are not connected correctly or not all metal items are protected by anodes. If the next boat is 
leaking a DC current the neighbouring boat can act as the DC ground through the marina power supply if 
both connected to this power source and the other vessel provides the path of least resistance to the ground 
(Newboatbuilders, 2015; Corrosionpedia, 2015).  
A galvanic isolator can be used to break the circuit between vessels, this acts as a filter, blocking the flow 
of low voltage galvanic (DC) currents but at the same time maintaining the integrity of the earthing 
circuit (BoatU.S, 2016). About 50% of respondents had these on their vessels moored in marinas and mid 
channel. Boat owners with these did not however note lower corrosion rates “I still get some electrolytic 
corrosion on rear propeller when operating fridge on shore power despite the galvanic isolator”. Galvanic 
isolators generally do not prevent corrosion and are not designed to, but they will limit it and stop 
catastrophic corrosion issues if an electric fault occurs, by breaking the two way flow of currents which are a 
common source of stray currents. Using power supplies only when on board, will also reduce anode 
corrosion, as vessels are less liable to stray currents without power supplies. It is common for many vessels 
to be continually plugged into power supplies to maintain battery power, etc. It has also been suggested that 
some marinas pontoons are not cathodically protected themselves, protection to the pontoon structure is 
therefore provided by the anodes present on the vessels through the earth wire of the power supplies. A 
galvanic isolator will also prevent this as allows only one way current flow.  
It is likely that anode corrosion is accelerated by stray currents in marinas beyond the Hamble. The Yachting 
forums indicate this to be the case in many other marinas such as Chatham in Kent and at Wolverstone 
Marina on the Orwell estuary. This is shown through the following posts: “Just wondering if any berth 
holders at MDL Chatham maritime, have experienced any unusual corrosion levels either galvanic or 
leakage / stray currents from other boats. Shore power etc?” and “I have heard a few knowledgeable people 
discussing the electrolysis at Chatham. It's a bit of an issue apparently”.  
It has been suggested that subterranean power cables under the Hamble (and other estuaries) cause varying 
anode dissolution rates, this was suggested by two respondents of the survey on the Hamble. These would be 
protected and earthed so will not release any stray current, as would short out if this was not the case. The 
electrical supply for the railway bridge which has also been suggested as source, this will be isolated and is 
not connected to the vessels in anyway. This therefore means these will not cause variations in anode 
corrosion.  
 
XRF analyses on the surface of new anodes was carried out to determine the metal content and to see if 
anodes meet the US Military standards for anodes (Wagner et al., 1996; Harris, 2008; BoatU.S, 2016).  The 
tests showed that the metal content of anodes in a single batch showed considerable variation and many of 
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these anodes had more metals in then they were meant to. The US Specifications specify that metals not 
mentioned in the standard should not exceed 0.1% many of these do, with some anodes having as much as 
1.1% (Table 3) (Wagner et al., 1996; BoatU.S, 2016). Zinc levels ranged from 96.4 to 98.3%, so all were 
slightly under the 99.3% standard. It is also thought that some cheaper manufacturer’s anodes generally do 
not meet these standards. The majority of anodes had only one XRF replicate, but a couple of anodes did 
have three and these showed very little variation in metal content (Table 4). The US standard is meant to be 
the best alloy for saltwater environments (Wagner et al., 1996), it is not, however, clear how much these 
differences will alter anode dissolution. Alloys have been adapted and changed over time (Morgan, 1987), 
further tests on anodes with different alloy compositions would be needed to test if the variations in anode 
composition have an effect on the Hamble. 
Table 3 XRF analyse of new anodes to indicate metal content present 
Element 
% 
Zn anode 
standard  
Bar 
anode 1 
Bar 
anode 2 
Bar 
anode 3 
Hanging 
anode 1 
Hanging 
anode 2 
Hanging 
anode 3 
Hanging 
anode 4 
Hanging 
anode 5 
Hanging 
anode 6 
Hull 
anode 1 
Hull 
anode 2 
Zn 99.32 98.27 98.03 97.01 97.32 98.24 98.24 96.98 97.41 96.4 97.36 96.74 
Si 0.07-0.025 1.31 1.27 2.22 0.75 0.75 0.79 1.07  0.88 1.16 1.15 
Al 0.1-0.5  0.64 0.63 1.14 1.32 0.87 1.08 1.01 1.5 0.94 0.97 
V      0.03  0.03  0.02 0.06 0.11 
Cd 0.07 0.04 0.04 0.04 0.04 0.37 0.03 0.02 0.04 0.04 0.03 0.03 
Cr      0.85 0.05 0.05 0.05   0.18 
W          1.11  0.83 
Cu  0.02           
Fe 0.01 0.01 0.02 0.03 0.03 0.02 0.02 0.05 0.04 0.05   
P        0.12     
Ti             
Zr        0.06     
Pb             
Other/oth
er total 
0.01 0.02    0.88 0.05 0.26 0.05 1.13 0.06 1.11 
 
Table 4 XRF analyses reps of a hull anode, to show little variation in most elements within an anode 
Element % Zn anode 
standard 
4kg Hull 
anode 
R1 
4kg Hull 
anode 
R2 
4kg Hull 
anode 
R3 
Zn 99.32 96.6 95.74 96.84 
Si 0.07-0.025 1.88 1.04 0.89 
Al 0.1-0.5 1.59 2.96 1.23 
V   0.02 0.05 
Cd 0.07   0.04 
Cr  0.04 0.1 0.05 
W     
Cu     
Fe 0.01 0.03 0.18 0.10 
P     
Ti  0.01   
Zr     
Pb     
Other/other 
total 
0.01 0.05 0.12 0.05 
 
PH has also been suggested as a possible reason, the pH in the Hamble is generally around 8 and does not 
significantly vary. It is very similar to many other estuaries so is unlikely to be a cause of accelerated 
corrosion. Fast water flow was also suggested by boat owners on the Hamble. Anodes need some water 
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movement to prevent a calcareous and Zn(OH)2 build upon them (Rousseau et al, 2009), it is however 
unlikely fast flowing water will cause greater anode corrosion.   
Aluminium could be an alternative for some brackish conditions in the upper reaches of the Hamble, as can 
be used in brackish and seawater (Harris, 2008; MGDuff, 2016), parts of the Hamble varies from brackish to 
seawater with changes in river flow, tidal conditions and rainfall. Aluminium is considered less of an 
environmental concern regarding potential toxicity than zinc in marine waters and currently has no EQS set 
(Harris, 2008: Mao et al, 2011; Gabelle et al., 2012). This indicates that aluminium could be more suited to 
these areas, as it is of causes less environmental concern and could reduce anode dissolution rates in these 
areas. The survey and discussions with boats owners indicated that only a small percentage were, however, 
using aluminium anodes, with only two respondents using. This is partly due to zinc being more commonly 
used in the past and zinc being recommended over aluminium by anode manufacturers and suppliers in high 
to mid salinity regions. If aluminium anodes became more commonly used this could reduce zinc levels to 
below EQS. Aluminium anodes are relatively widely used on marine structures such as wind farms and larger 
vessels, so can become more widely used on pleasure craft (Gabelle et al., 2012).  
A number of boat owners who completed the survey did not have anodes present on vessels. In some cases 
this was due to lack of knowledge of anode use. But in a few cases due to the vessels being wooden they did 
not need anodes. Some older wooden vessels with very few metal components have never had anodes 
present, so owners tend not to use.  
3.5 Significance of marine paints as a source of zinc 
The survey indicated that all vessels were using copper based antifouling paints. The antifouling paints are 
designed for different boat types, speed of travel and conditions (Yebra et al., 2004). The copper based paints 
will still however contain zinc as pigments and additives to varying levels (Abel, 1999; Yebra et al., 2004; 
Rees et al., 2014), which will contribute zinc to the estuarine environment. A study by Turner (2010) of paint 
fragments in recreational UK boatyards showed that some paint chips comprised up to 15% zinc, and up to 
35% copper. Zinc released from antifouling paints on the Hamble could be relatively large with 3000 boats 
present, with zinc as high as 15% present in some of these paints. This source of zinc is however likely to be 
small compared to the levels released by zinc anodes each year.  
4. Conclusion  
This study has shown that a lack of awareness among some boat owners can often lead to false theories about 
anode dissolution rates and quicker anode dissolution rates. It is likely that stray currents internal and 
external to the vessel, along with salinity variations and variations in anode quality are the main reasons for a 
varied anode dissolution rate.  
Calculations form the survey indicate that between 6.95-7.11t/yr of zinc are released annually on the Hamble. 
The Hamble is currently exceeding zinc EQS levels with concentrations as high as 35µg/l. Anodes are likely 
to be the largest source of zinc to the Hamble estuary and therefore are likely to be the biggest single 
contribution to the EQS exceedance. 
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Appendix 32 – MAMPEC model parameters 2 
A number of different parameters and settings were used for the MAMPEC model to get 
the best results. The results below used the marina category for harbour type in the model, 
whilst the results in the results section used open harbours instead as more like the open 
marinas on the Hamble. These were also tried to see if results were more similar to those 
on the Hamble, but results were similar on both marina classifications. 
Table A33.1: MAMPEC model results Hamble 
Marina/site Kd 
value 
Total 
Zn µg/l 
(range) 
Dissolved 
Zn µg/l 
(range) 
Observed 
TDZn 
µg/l 
SPM 
µg/g 
(range) 
Sediment 
background/ 
observed 
µg/g  
Sediment 
1 year 
µg/g 
Sediment 
2 year 
µg/g 
Sediment 
5 year 
µg/g 
(range) 
Sediment 
10 year 
µg/g 
(range) 
Hamble 
Point 
Marina 
3 8.19 
(7.86 – 
8.36) 
7.67 
(7.36-
7.87) 
6.86 23 
(22.1 – 
23.5) 
74.43 73 73 70.9 
(70.9-71) 
67.8 
(67.7-
67.9) 
Hamble 
Point 
surroundings  
3 7.77 
(7.7-8) 
7.27 
(7.21-
7.49) 
6.86 21.8 
(21.6-
22.5) 
74.43 73.7 73 70.9 
(70.9-71) 
67.6 
(67.6-
67.7) 
Hamble 
Point 
Marina 
10 8.19 
(7.86-
8.36) 
6.68 
(6.41-
6.81) 
6.86 66.8 
(64.1-
68.1) 
74.43 74.2 
(74.1-
74.3) 
73.9 
(73.7-74) 
73.9 
(73.7-74) 
73.4 
(73.1-
73.6) 
Hamble 
Point 
surroundings  
10 7.77 
(7.7-8) 
6.33 
(6.28-
6.52) 
6.86 63.3 
(62.8-
65.2) 
74.43 74.3 74.1 
(74.1-
74.2) 
73.7 
(73.7-
73.8) 
73 (72.9-
73.2) 
Hamble 
Point 
Marina 
20 8.19 
(7.86-
8.36) 
5.63 
(5.41-
5.75) 
6.86 113 
(108-
115) 
74.43 75 (74.9-
75) 
75.5 
(75.3-
75.5) 
77 (76.7-
77.1) 
79.4 
(78.8-
79.7) 
Hamble 
Point 
surroundings  
20 7.77 
(7.7-8) 
5.34 (5.3-
5.5) 
6.86 107 
(106-
110) 
74.43 74.9 75.3 
(75.3-
75.4) 
76.6 
(76.5-
76.8) 
78.6 
(78.5-79) 
Hamble 
Point 
Marina 
30 8.19 
(7.86-
8.36) 
4.87 
(4.68-
4.97) 
6.86 146 
(140-
149) 
74.43 75.4 
(75.2-
75.5) 
76.4 
(76.2-
76.5) 
79.2 
(78.8-
79.4) 
83.7 
(82.9-
84.1) 
Hamble 
Point 
surroundings  
30 7.77 
(7.7-8) 
4.62 
(4.58-
4.76) 
6.86 139 
(137-
143) 
74.43 75.3 
(75.3-
75.4) 
76.2 
(76.1-
76.3) 
78.7 
(78.6-79) 
82.7 
(82.6-
83.2) 
Stone Pier 
Marina  
3 16.2 
(9.06-
20.3) 
14.9 
(8.37-
18.7) 
7.32 44.8 
(25.1-
56.1) 
122 121 (120-
121) 
119 (119-
120) 
116 (114-
117) 
110 (107-
112) 
Stone Pier 
surroundings  
3 7.72 
(7.7-
7.88) 
7.13 
(7.11-
7.27) 
7.32 21.4 
(21.3-
21.8) 
122 121 (120-
121) 
119 (119-
120) 
116 (114-
117) 
110 (107-
112) 
Stone Pier 
Marina  
10 16.1 
(9.06-
20.2) 
12.6 
(7.09-
15.8) 
7.32 126 
(70.9-
158) 
122 122 (121-
123) 
122 (120-
123) 
122 (118-
125) 
123 (114-
128) 
Stone Pier 
surroundings  
10 7.72 
(7.7-
7.88) 
6.04 
(6.03-
6.17) 
7.32 60.4 
(60.3-
61.7) 
122 122 (121-
123) 
122 (120-
123) 
122 (118-
125) 
123 (114-
128) 
Stone Pier 
Marina  
20 16.1 
(9.06-
20.2) 
10.4 
(5.83-13) 
7.32 208 
(117-
260) 
122 123 (122-
124) 
125 (122-
127) 
129 (122-
133) 
135 (121-
143) 
Stone Pier 
surroundings  
20 7.72 
(7.7-
7.88) 
4.97 
(4.95-
5.07) 
7.32 99.3 
(99.1-
101) 
122 122 121 120 118 (118-
119) 
Stone Pier 
Marina  
30 16.1 
(9.06-
20.2) 
8.80 
(4.94-11) 
7.32 126 
(126-
129) 
122 124 (122-
125) 
127 (123-
129) 
133 (124-
139) 
144 (126-
154) 
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Stone Pier 
surroundings  
30 7.72 
(7.7-
7.88) 
4.21 
(4.2=4.3) 
7.32 126 
(126-
129) 
122 122 122 122 (122-
123) 
123 
Mercury 
Marina 
3 8.12 
(7.85-
8.26) 
7.5 (7.25-
7.63) 
6.69 22.5 
(21.8-
22.9) 
148 146 144 138 129 (128-
129) 
Mercury 
surroundings  
3 7.76 
(7.7-
8.01) 
7.17 
(7.11-
7.39) 
6.69 21.5 
(21.3-
22.2) 
148 146 144 138 128 
Mercury 
Marina 
10 8.12 
(7.85-
8.26) 
6.36 
(6.15-
6.47) 
6.69 63.6 
(61.5-
64.7) 
148 147 145 141 135 
Mercury 
surroundings  
10 7.76 
(7.7-
8.01) 
6.08 
(6.03-
6.27) 
6.69 60.8 
(60.3-
62.7) 
148 147 145 141 134 (134-
135) 
Mercury 
Marina 
20 8.12 
(7.85-
8.26) 
5.22 
(5.05-
5.32) 
6.69 101 
(101-
106) 
148 147 147 (146-
147) 
144 (144-
145) 
141 (141-
142) 
Mercury 
surroundings  
20 7.76 
(7.7-
8.01) 
4.99 
(4.95-
5.15) 
6.69 99.9 
(99.1-
103) 
148 147 146 (146-
147) 
144 141 (140-
141) 
Mercury 
Marina 
30 8.12 
(7.85-
8.26) 
4.43 
(4.29-
4.51) 
6.69 133 
9129-
135) 
148 148 148 (147-
148) 
147 (146-
147) 
146 (145-
146) 
Mercury 
surroundings  
30 7.76 
(7.7-
8.01) 
4.24 (4.2-
4.37) 
6.69 127 
(126-
131) 
148 148 147 146 (146-
147) 
145 
Swanwick 
Marina 
3 8.01 
(7.8-
8.11) 
7.39 
(7.20-
7.49) 
8.69 22.2 
(21.6-
22.5) 
150.25 148 146 140 130 
Swanwick 
Marina 
surroundings  
3 7.75 
(7.7-
7.92) 
7.15 
(7.11-
7.31) 
8.69 21.5 
(21.3-
21.9) 
150.25 148 146 140 130 
Swanwick 
Marina 
10 8 (7.8-
8.11) 
6.27 
(6.11-
6.35) 
8.69 62.7 
(61.1-
53.5) 
150.25 149 147 143 136 
Swanwick 
Marina 
surroundings  
10 7.75 
(7.7-
7.92) 
6.06 
(6.03-6.2) 
8.69 60.6 
(60.3-
62) 
150.25 149 147 143 136 
Swanwick 
Marina 
20 8 (7.8-
8.11) 
5.15 
(5.02-
5.22) 
8.69 103 
(102-
104) 
150.25 149 149 146 143 (142-
143) 
Swanwick 
Marina 
surroundings  
20 7.75 
(7.7-
7.92) 
4.98 
(4.95-
5.09) 
8.69 99.6 
(99.1-
102) 
150.25 149 149 146 143 (142-
143) 
Swanwick 
Marina 
30 8 (7.8-
8.11) 
4.37 
(4.26-
4.43) 
8.69 131 
(128-
133) 
150.25 150 150 148 147 
Swanwick 
Marina 
surroundings  
30 7.74 
(7.7-
7.91) 
4.23 (4.2-
4.32) 
8.69 127 
(126-
130) 
150.25 150 149 148 147 (146-
147) 
Cabin 
Boatyard 
3 7.87 
(7.76-
7.92) 
7.26 
(7.16-
7.31) 
12.3 21.8 
(21.5-
21.9) 
134 132 130 125 117 
Cabin 
boatyard 
surroundings  
3 7.72 
(7.7-
7.8) 
7.12 
(7.11-7.2) 
12.3 21.4 
(21.3-
21.6) 
134 132 130 135 117 
Cabin 
Boatyard 
10 7.91 
(7.76-
7.98) 
6.19 
(6.08-
6.25) 
12.3 61.9 
(60.8- 
62.5) 
134 133 132 128 123 
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Cabin 
boatyard 
surroundings  
10 7.72 
(7.7-
7.79) 
6.04 
(6.03-6.1) 
12.3 60.4 
(60.3-
61) 
134 133 132 128 123 
Cabin 
Boatyard 
20 7.91 
(7.76-
7.79) 
5.09 
(4.99-
5.13) 
12.3 102 
(99.8-
103) 
134 133 133 131 129 
Cabin 
boatyard 
surroundings  
20 7.72 
(7.7-
7.79) 
4.96 
(4.95-
5.13) 
12.3 99.3 
(99.1-
100) 
134 133 133 131 129 
Cabin 
Boatyard 
30 7.9 
(7.76-
7.97) 
4.31 
(4.24-
4.35) 
12.3 129 
(127-
131) 
134 134 134 134 (133-
134) 
133 
Cabin 
boatyard 
surroundings  
30 7.72 
(7.7-
7.79) 
4.21 (4.2-
4.25) 
12.3 126 
(126-
128) 
134 134 134 133 133 
Foulkes 
Boatyard 
3 8.27 
(7.87-
8.47) 
7.64 
(7.27-
7.82) 
13.16 22.9 
(21.8-
23.5) 
134 132 130 125 117 
Foulkes 
Boatyard 
surroundings  
3 7.75 
(7.7-
7.95) 
7.15 
(7.11-
7.34) 
13.16 21.5 
(21.3-
22) 
134 132 130 125 117 
Foulkes 
Boatyard 
10 8.27 
(7.87-
8.47) 
6.48 
(6.16-
6.63) 
13.16 64.8 
(61.6-
66.3) 
134 133 132 128 (128-
129) 
123 
Foulkes 
Boatyard 
surroundings  
10 7.75 
(7.7-
7.95) 
6.07 
(6.03-
6.23) 
13.16 60.7 
(60.3-
62.3) 
134 133 132 128 123 
Foulkes 
Boatyard 
20 8.27 
(7.87-
8.47) 
5.32 
(5.06-
5.45) 
13.16 106 
(101-
109) 
134 134 (133-
134) 
133 132 (131-
132) 
130 (129-
130) 
Foulkes 
Boatyard 
surroundings  
20 7.75 
(7.7-
7.95) 
5.32 
(5.06-
5.45) 
13.16 99.7 
(99.1-
102) 
134 133 133 131 129 
Foulkes 
Boatyard 
30 8.27 
((7.87-
8.46) 
4.51 (4.3-
4.62) 
13.16 135 
(129-
139) 
134 134 134 134 134 (133-
135) 
Foulkes 
Boatyard 
surroundings 
30 7.75 
(7.7-
7.95) 
4.23 (4.2-
4.34) 
13.16 127 
(126-
130) 
134 134 133 (133-
134) 
133 (133-
134) 
133 
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Appendix 33 – GEMCO model full results  
Table A34.1: GEMCO model zinc outputs 
Log 
Kd 
Zinc 
input 
kg/yr 
TZn 
95% 
µg/l 
Average 
TZn 
µg/l 
TDZn  
µg/l 
95%  
Average 
TDZn 
µg/l 
Sediment 
95%  
µg/g d/w 
Sediment 
Average 
µg/g d/w 
SPM 
95% 
µg/g 
d/w 
SPM 
Average 
µg/g 
d/w 
30 7253 19.9 8.92 11.5 5.18 346 193 346 156 
5 7253 20 9.03 17.9 8.07 165 165 89.3 40.3 
1 7253 20 9.06 19.06 8.85 165 165 19.6 8.85 
3 7253 20 9.05 18.7 8.44 165 165 56.1 25.3 
10 7253 20 9 16.1 7.26 165 167 161 72.6 
TZn = Total Zinc, TDZn = Total dissolved zinc, 95% is 95% of sample concentration within this range 
Table A34.2: GEMCO model zinc outputs – less vessels present 
Log 
Kd 
Zinc input 
kg/yr 
Vessels 
present 
TZn 
95% 
µg/l 
Average 
TZn 
µg/l 
TDZn  
µg/l 
95%  
Average 
TDZn 
µg/l 
Sediment 
95%  
µg/g d/w 
Sediment 
Average 
µg/g d/w 
SPM 
95% 
µg/g 
d/w 
SPM 
Average 
µg/g 
d/w 
1 6842 2800 19.1 8.84 18.7 8.63 165 165 18.7 8.63 
3 6842 2800 19.1 8.83 17.8 8.23 165 165 53.5 24.7 
5 6842 2800 19.1 8.81 17.1 7.87 165 165 85.3 39.3 
10 6842 2800 19.1 8.78 15.4 7.08 165 167 154 70.8 
1 68107.06** 2800 19 8.81 18.6 8.60 165 165 18.6 8.6 
3 6810** 2800 19 8.80 17.7 8.21 165 165 53.2 24.6 
5 6810** 2800 19 8.78 16.9 7.84 165 165 84.7 39.2 
10 6810** 2800 18.9 8.75 15.3 7.06 165 166 153 70.6 
1 6014 2450 17.3 8.39 16.9 8.20 165 165 16.9 8.20 
3 6014 2450 17.3 8.38 16.1 7.82 165 165 48.4 23.4 
5 6014 2450 17.3 8.36 15.4 7.47 165 165 77.2 37.3 
10 6014 2450 17.2 8.33 13.9 6.72 165 166 139 67.2 
1 5982** 2450 17.2 8.36 16.8 8.17 165 165 16.8 8.17 
3 5982** 2450 17.2 8.35 16 7.79 165 165 48.1 23.4 
5 5982** 2450 17.2 8.34 15.3 7.44 165 165 76.6 37.2 
10 5982** 2450 17.1 8.31 13.8 6.70 165 166 138 67 
1 4893 2000 15.9 7.93 15.5 7.75 165 165 15.5 7.75 
3 4893 2000 15.9 7.92 14.8 7.39 165 165 44.4 22.2 
5 4893 2000 15.8 7.91 14.1 7.06 165 165 70.7 3.53 
10 4893 2000 15.8 7.88 12.7 6.35 165 166 127 63.5 
1 4761** 2000 15.7 7.91 15.4 7.72 165 165 15.4 7.72 
3 4761** 2000 15.7 7.89 14.7 7.36 165 165 44 22.1 
5 4761** 2000 15.7 7.88 14 7.03 165 165 70.2 35.2 
10 4761** 2000 15.7 7.85 12.6 6.33 165 165 126 63.3 
1 4793 1500 14.4 7.63 11.6 6.15 165 165 116 61.5 
3 4793 1500 14.5 7.67 13.5 7.16 165 165 40.5 21.5 
5 4793 1500 14.4 7.66 12.9 6.84 165 165 6.45 3.42 
10 4793 1500 14.4 7.63 11.6 6.15 165 165 116 61.5 
194 
 
1 4761** 1500 14.4 7.66 14 7.48 165 165 14 7.48 
3 4761** 1500 14.3 7.64 13.4 7.13 165 165 40.1 21.4 
5 4761** 1500 14.3 7.63 12.8 6.81 165 165 63.9 34.1 
10 4761** 1500 14.3 7.6 11.5 6.13 165 165 115 61.3 
1 3181 800 12.3 7.03 12 6.86 165 165 12 6.86 
3 3181 800 12.3 7.01 11.5 6.54 165 165 34.4 19.6 
5 3181 800 12.3 7 11 6.25 165 165 54.8 31.3 
10 3181 800 12.2 6.97 9.88 5.62 165 165 98.8 56.2 
1 3062 800* 11.9 6.93 11.6 6.77 165 165 11.6 6.77 
3 3062 800* 11.9 6.92 11.1 6.45 165 165 33.3 19.4 
5 3062 800* 11.9 6.90 10.6 6.17 165 165 53.1 30.8 
10 3062 800* 11.9 6.88 9.56 5.55 165 165 95.6 55.5 
1 3062** 800* 11.6 6.86 11.3 6.69 165 165 11.3 6.69 
3 3062** 800* 11.6 6.84 10.8 6.38 165 165 32.4 19.1 
5 3062** 800* 11.6 6.83 10.3 6.10 165 165 51.7 30.5 
10 3062** 800* 11.5 6.80 9.30 5.48 165 165 93 54.8 
*Background lowered to 7.7µg/l from 13.97 µg/l **Botley sewage works removed from equation, storm 
discharge only 
 
 
